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INTRODUCTION AND REVIEW OF LITERATURE 
The physiology and histology of the endocrine complex 
of Insects has been of special interest to many research 
workers in the last 30-40 years. Various aspects have been 
explored with many species. More than four decades ago 
Ito (1918) conducted a thorough histological investigation 
of corpora allata of several Lepidoptera and concluded 
that they secrete most actively in the imago. His findings 
have been confirmed by Ichikawa and Nishiitsutsuji-Uwo 
(1959) and by Williams (1959). Reviews of insect neuro­
secretory systems have been published by Raabe (1959), Van 
der Kloot (i960), Scheer (i960), and Gilbert (1964). Strong 
(1963, 1965) described the histological techniques, estima­
tion of corpus aliaturn volumes, cautery and allatectoray 
procedures. Highnam (1958a, 1958b) carried out a detailed 
histological study of diapause pupae of the moth Mimas 
tiliae. 
The presence of two types of neurosecretory ceils has 
been described. The first reference to this was made by 
M. Thomsen (195^), who reported that the pars intercerebralis 
in the imago of Calliphora erythrocephala contains two types 
of neurosecretory cells. Nayar (1955) made similar observa­
tion in the hemipteran Iphita limbata. Mitsuhashi and 
Fukaya (I96O) working on the rice stem borer and McLeod and 
Beck (1963a) working on the European com borer, also men­
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tioned the presence of two types of neurosecretory cells. 
Highnam (1961) distinguished four cell types in the pars 
intercerebralis of Schlstocerca gregarla. Fletcher (I969) 
has found 13 distinct types of cell which show evidence of 
secretory activity in Blaps mucronata. He also found four 
groups of neurosecretory cells in the brain of the larva 
and three in the brain of the adult. 
The cells that stained with paraldehyde-fuchsin were 
designated as A-cells after the work of Pipa (1961), while 
the B-cells stained bluish green or green. 
Scharrer and Scharrer (1944), E. Scharrer (1952) and 
M. Thomsen (1954) concluded that the brain honnone originates 
in the neurosecretory cells of the brain and is stored in the 
corpus aliaturn. They also mentioned that the neurosecretory 
material produced in the insect protocerebrum is transported 
by the axons. "Rie neurosecretory material is believed to be 
carried to the tip of the axons from the cell body by intra-
axonal flow (Bern, 1962) or possibly through minute tubules 
such as those found in neurons of the cockroach nervous 
system (Wigglesworth, 196O). Arvy and Gabe (1953a, 1954) 
and Kobayashi (1958) observed the presence of neurosecretory 
material in the nervi corpori allati. Studies of B. Scharrer 
(1962), with the electron microscope, have shown that the 
axons terminate in the corpora cardiaca. B. Scharrer (1946, 
1952a, 1952b) reported that section of the nervi corpori 
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cardiac! In Leucophaea maderae acts like a ligature in 
preventing the exit of neurosecretory material. What stimu­
lates the production and the release of the brain hormone 
in the brain, and what stimulates release of the hormone from 
its place of storage, is still not fully known. 
Strong (1965) described the innervation of the corpora 
allata and examined the importance of the various nerves 
using a technique involving nerve section. Arvy and Gabe 
(1953a, 1954), Bounhioi (1957), and Schultz (i960) reported 
that many fibres of the nervi corpori allati bring neuro­
secretory material to the corpus allatum. They also mentioned 
that the nervi corpori cardiac! I and II generally include 
some fibres bearing neurosecretory material. Schultz (196O), 
Hess (1958), and Knowles (I96O) have studied the neuro­
secretory granules in detail. 
Ewen (1962) reported the presence of paraldehyde-
fuchsin positive material in the walls of the aorta. 
Johansson (1958) suggested that there may have been an 
accumulation of prothoracotrophic hormone in the aortal wall. 
Eraser (1959), working with Lucilia caesar and Mitsuhashi 
and Pukaya (i960) with Chilo suppressalis, mentioned that 
secretory granules have been detected in the neurosecretory 
cells throughout the period of diapause. Praser (1957) 
reported that a certain group of the neurosecretory cells 
of Lucilia showed an active secretion only in the diapause 
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period. Dupont-Raabe (1951), and Herlant-Meewis and Paquet 
(1956) considered that a neurosecretory cell full of stain-
able material is at the height of its secretory activity. 
Highnam and Lusis (1962) showed that secretion is at a 
maximum when there is a paucity of stainable product, and 
may be relatively slight when the cell is charged with 
neurosecretory material. However, Arvy and Gabe (1953%, 
1953b, 1953c) and Nayar (1958) believe that the disappearance 
of neurosecretory colloids from previously full cells is the 
most active stage in the secretory cycle. 
Highnam (1963) mentioned that the activity of the 
corpora allata follow closely changes in the activity of 
the neurosecretory cells of the brain. The same author 
(1962) reported that cautery of the pars intercerebralis 
in Schistocerca gregaria, completely prevents corpus allatum 
activation. The corpora allata have been implicated in the 
control of larval, pupal and adult diapause. Pukaya and 
Mitsuhashi (1957, 1958, 1961); and Mitsuhashi and Pukaya 
(i960) have studied the endocrine control of larval diapause 
in the rice stem borer, Chilo suppressalis, and they believe 
that the corpora allata activity maintain diapause. Their 
histological examination of the corpora allata indicates 
activity during diapause and reduced activity at the termi­
nation of a diapause. Highnam (1958a) working on Mimas 
tlliae presented evidence that the corpora allata are active 
during the pupal diapause but cease activity as diapause is 
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broken. Highaam (I962) has concluded that, when the neuro­
secretory system contains small amounts of stainable material, 
it is synthesizing and releasing the material more rapidly 
than when it contains large amounts of stainable material. 
When the cells are packed with material it is indicative 
of cellular inactivity. 
Johansson (1958) observed the effect of the extirpation 
of the A-cells of the brain on the volume of the corpus 
a1latum and found that complete extirpation of these cells 
resulted In abnormally reduced corpora allata. Pflugfelder 
(1936, 1948), E. Scharrer (1952), Joly (195%), Highnam et 
al. (1963), and Strong (I965) have used the corpus allatum 
volume as an indicator of endocrine activity. 
Wigglesworth (1940a) has shown that at least two 
hormones are concerned in the regulation of development in 
the hemipteran Rhodnius. One of these is known as molting 
hormone, secreted by special cells of the brain. The other 
is secreted by the corpus allatum. According to him, any 
molt can be controlled so as to produce nymphal characters 
or imaginai characters according to the hormone balance. 
It was clearly demonstrated that the thoracic gland is the 
immediate source of the hormone which induces larval 
molting, pupation, and imaginai developanent; but the hormone 
from the brain is necessary to activate the thoracic gland. 
This was proved experimentally in Hyalophora (Williams, 
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1946, 1947, 1948a) and has been confirmed in Rhodnius 
(Wigglesworth, 1951, 1952, 1955a) and many other species. 
According to Wigglesworth (1955b) the corpora allata in the 
nymphs or larvae of all insects so far examined in some way 
prevent the development and differentiation of adult char­
acters. In 1959, Wigglesworth stated that juvenile hormone 
acts in conjunction with prothoracic gland hormone and in 
some manner modifies the reaction of the target cells to 
the molting hormone. It cannot influence morphogenesis in 
the absence of prothoracic gland hormone. Ecdysone is 
presumably released from the prothoracic gland when it is 
stimulated by brain hormone, or perhaps by juvenile hormone 
as noted by Wigglesworth (1965). 
Bounhiol (1953), B. Scharrer (1953, 1955), and 
Wigglesworth (1954) studied the effect of extirpation and 
implantation of corpora allata. Gilbert (1964) mentioned 
that larval-larval molts occurred in the presence of a high 
titre of juvenile hormone, the larval-pupal molt in the 
presence of decreased titre of juvenile hormone, and the 
molt from pupa to adult in the absence of Juvenile hormone. 
According to Wigglesworth (1948) the removal of the corpora 
allata at the start of the last larval instar results in 
somewhat nymphoid adults. Williams (1958) has reported 
quite similar "bizarre creatures" obtained by implanting 
one to three pairs of adult corpora allata in brainless 
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pupae. 
Dupont-Raabe (1951) has demonstrated in the phasmid 
Cuniculina annamensis that the elaboration of intracellular 
material by the neurosecretory cells of the brain is par­
ticularly intense at a certain time after each larval molt. 
Arvy and Gabe (1953a, 1953b) mentioned that the activity 
of the perikaryons in the pars intercerebralis is maximal 
Just before imaginai ecdysis in Ephemeroptera. According 
to Herlant-Meewis and Paquet (1956) working on Carausius 
morosus, the neurosecretory cells of the pars intercerebralis 
are poor in secretory product in the animal which has just 
molted. 
Bodine (1932) mentioned that diapause is a result of 
an accumulation of a specific inhibitory substance "acting 
through the inhibition of the life process", and slowly 
decomposed during diapause development. Williams (1946, 
1947, 1948a, 1949) has concluded that diapause is merely 
induced by the absence of the brain and prothoracic gland 
factors. Those factors are known to be necessary for 
diapause to be broken. On the other hand, Highnam (1958a) 
has shown that the cerebral neurosecretory cells together 
with their associated coj?pora cardiaca, play an important 
part in terminating diapause in Mimas tiliae pupae. He 
also mentioned that, during diapause development, increasing 
amounts of the brain hormone factor are produced. Williams 
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(1948a) demonstrated that a stage corresponding to the 
natural diapause can be induced by the removal of the brain, 
the source of the brain hoiwone. Similarly a natural 
diapause can be broken at any time by implanting an active 
brain or other source of brain hormone (corpora allata, or 
corpora cardiaca). De Wilde and Stegwee (1958), Lees 
(1959), and Slama (1964) showed that the imaginai diapause 
can be completely abolished by implanting active brain and/ 
or corpora cardiaca, whereas the implantation of active 
corpora allata is not fully effective in the absence of 
brain hormone. Williams (1946) reported that the brain of 
a pupa chilled for six weeks will initiate development when 
implanted into an unchilled diapause pupa of Platysamla 
cecropia. 
Diapause and other developmental changes are strongly 
influenced by temperature and photoperiod (Lees, 1956). The 
European corn borer, Ostrinia nubllalls, enters diapause as 
a mature fifth instar larva. Diapause in this species is 
facultative and is mediated by temperature and photoperiod 
(Mutchmor and Beckel, 1959; Beck and Hanec, I96O). According 
to Beck and Alexander {1964a, 1964b), Beck et (I965), 
and Chippendale and Beck (1966) during the prepupal stage, 
biochemical and physiological developmental changes occur , 
apparently in preparation for the pupal molting cycle. Mc-
Leod and Beck (1963a) and Beck and Alexander (1964a) studied 
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diapause development. They considered diapause development 
to be completed when the growth rate no longer is reduced 
to the diapause level upon exposure to short-day photo-
periods. They also mentioned that the completion of diapause 
development was considered to be the point at which the 
neuroendocrine system of the brain had been fully activated. 
Cloutier et a^. (1962) demonstrated that dlapauslng borers 
will pupate in response to the implantation of either a 
dlapauslng or non-diapausing borer brain. But the non-
diapausing brain of a wax moth larva, Galleria mellonella 
will induce pupation only if the recipient dlapauslng borer 
is held under the influence of long-day photoperiod (Beck, 
1967). McLeod and Beck (1963a) showed that the neurosecretory 
complex in the head of the European corn borer, is composed 
of 40 neurosecretory cells in the brain and 14 in the two 
fused corpora allata-cardiaca. They also reported that 
there are no size or staining differences associated with a 
photoperiodic stimulus. 
The hlstophysiological characteristics of the neuro­
secretory system have been the subject of a number of 
investigations. Most have dealt with only a part of the 
system, and at a specific period of the Insect life. This 
fragmentary approach, the great technical difficulty of 
such studies, and the diversity of the class insecta, would 
explain the apparent contradictions in the results of dif­
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ferent authors, '.'ith this in mind, the present investigation 
vias undertaken in an attempt to provide a fuller picture of 
the neuroendocrine complex of the European corn borer, 
Ostrlnia nubilali^ (Hubner), during diapause and non-
diapause development. During the past few years research on 
the European corn borer has included studies on the anatomy 
of the neuroendocrine complex (McLeod and Beck, 1963a: 
Drecktrah, e_t , 1966), neural transplants (Cloutier et 
al., 1?62) and diapause and diapause development (Kutchmor 
and Beckel, 11:52; Beck and Hanec, 19o0, and Beck, 1967). 
In the present study, the mode of action and the activity 
of both brain and corpus allatum-cardiacum complex during 
larval grouth and development v/ere determined, using histo­
logical and physiological methods. The investigation v;a3 
carried out also, during the period of diapause and diapause 
development. 
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METHODS AND PROCEDURES 
Rearing Methods 
The European corn borers used in this investigation 
were obtained from the stock continuously reai»ed at the 
European Corn Borer Laboratory, Ankeny, Iowa. Newly-
hatched larvae were placed in cotton-stoppered two dram 
vials containing a 3/4 inch plug of standard com borer 
diet (Guthrie et I965). The vials, each containing 
one larva, were then incubated under laboratory conditions. 
Three types of rearing conditions were employed. 
Non-diapause-inducing conditions 
Larvae reared at a constant temperature of 26.7°C -
1°C with continuous dark and relative humidity of 75^ -
enter the second instar when they are about three days 
old. They molt to the third instar about the sixth day and 
to the fourth instar about the ninth day. They become fifth 
instar larvae when they are 11-12 days old, and become 
prepupal on the 17th day. No diapause ensues. 
Diapause-inducing conditions 
Larvae reared at 26.7°C and a daily photoperiod of 12.5 
hours of light ceased to feed at about 15 days of age. Those 
that had not pupated after 20 days of age were considered to 
have entered diapause. Fewer than 5^ of the borers failed 
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to enter diapause and pupated. They were removed from the 
culture. Larvae can live up to seven months in diapause 
under this condition. 
Diapause terminating conditions 
For teimination of diapause, the larvae should be 
exposed to a low temperature (5°C) for a period of 2-3 
months, then transferred to a rearing chamber at a tempera­
ture favoring development (30°C), and with a long day (17 
hours daylight) and a high humidity (Lees, 1955 and McLeod 
and Beck, 1963b). Such conditions were used in the present 
work. 
Histological Techniques 
Larvae reared under non-diapause-inducing conditions 
were randomly chosen by taking one vial from each row of 
the rearing trays. They were taken at 24 hour intervals 
for histological studies. Such larvae ranged in age from 
6 to 17 days after hatching. The older larvae were, there­
fore, nearing the point of pupation. 
In the case of diapause-inducing conditions, larvae 
were removed at 10 day intervals, starting on the 20th day 
after hatching and continuing to 19O days after hatching. 
Borers were decapitated with a very sharp razor and the 
heads immediately were fixed for 15 minutes in an open jar 
containing hot (57^C) aqueous Bouin's fixative (Davenport, 
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I960). The high temperature increased the permeability of 
the cuticle, facilitating penetration of fixative into the 
head capsule. Following the 15 minute heat treatment, the 
lid of the jar containing the fixative and larval heads was 
tightened. Twenty-four hours later the fixed larval heads 
were transferred to 70^ ethanol. The following dehydration 
and embedding process was followed for all groups: 
1. 70$ ethanol - indefinite length of time 
2. 85$ ethanol - 15 minutes 
3. 83% ethanol - 10 minutes 
4. 95$ ethanol - 30 minutes 
5. 100$ ethanol - 10 minutes 
6. 100$ ethanol - 10 minutes 
7. 100$ ethanol - 10 minutes 
8. Benzene - 10 minutes 
9. Benzene - 10 minutes 
10. Benzene + paraffin* 1:1 - 30 minutes 
11. Paraffin* I - 1 hour 
12. Paraffin* II - 1 hour 
13. Paraffin* III - 1 hour 
14. Embed 
During the embedding process, heads were oriented 
within the paraffin to facilitate cutting cross, frontal 
and sagittal sections. 
*The paraffin used was Tissuemat®, with 55°C MP. 
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Sections 10 ju thick were cut on a rotary microtome. 
They were then mounted on slides which had been cleaned in 
95^ ethanol and treated with Mayer's albumen. A drying 
table, at was used to flatten the sections. Before 
staining, the slides were dried for a period of no more than 
24 hours at room temperature. To ensure uniform treatment 
of material, slides were stained in batches of 20. 
Aldehyde-fuchsin, which is said to be specific for 
staining the neurosecretory products in insects, was used 
(Ewen, 1962). The aldehyde-fuchsin was prepared according 
to Gabe (1953a). The staining technique used by Ewen (1962) 
was applied as follows: 
1. Remove paraffin and hydrate sections in the usual 
way (xylol, series of ethanol, and distilled 
water). 
2. Oxidize one minute in acid permanganate (Gomori, 
1941). 
3. Rinse in distilled water. 
4. Decolorize in 2.5/^ sodium bisulphite. 
5. Pass through successive rinses of distilled water, 
30^ ethanol, and 70^ ethanol. 
6. Stain in aldehyde-fuchsin, 2-10 minutes. 
7. Wash in 95/^ ethanol. 
8. Differentiate, 10-30 seconds, in acid alcohol 
(0.5^ concentrated HCl in absolute ethanol). 
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9. Pass through rinses of ^0% and 30^ ethanol, and 
distilled water. 
10. Mordant, 10 minutes, in phosphotungstic-
phosphomolybdic acid, in the following propor­
tions : 
Phosphotungstic acid 4.0 grams 
Phosphomolybdic acid 1.0 grams 
Distilled water 100 ml. 
11. Rinse in distilled water. 
12. Counterstain one hour. 
13. Rinse in 0.2^ acetic acid in 955^ ethanol. 
14. Dehydrate rapidly through absolute ethanol and 
clear in xylol. 
All sections were mounted in Canada Balsam. The slides 
were placed on a slide-drying table for 6-12 hours to remove 
trapped air bubbles. They were then transferred to a 
slide-drying oven (50^C) for several days. The stain dis­
tinguished materials in the following way: Neurosecretion, 
dark purple; corpus allatum-cardiacum complex, pale green, 
with the secretion collected there a dark purple and small 
amounts of orange in the nuclei; cytoplasm, light green. 
Surgical Techniques 
Allatectomy 
In order to remove the corpus allatum-cardiacum complex, 
the apparatus described by Strong (1963) was used. This 
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apparatus consists of a slide which moves vertically between 
two guides and provides the means of stretching the cervical 
membrane of the larva (like a small, dull guillotine). 
Borers to be treated were stored for about 30 minutes in a 
refrigerator at and then anaesthetized with carbon 
dioxide for about 1 minute. A larva then was placed in the 
apparatus and flooded with corn borer saline solution.^ The 
head was bent forward and a cut was made in the dorsal mid­
line of the tightly stretched cuticle of the neck. The 
paired corpus allatum-cardiacum corplex is located latero-
ventrad to the posterior portion of the brain. With some 
practice, and much care to cut in the right place, the 
complex could be seen in the cut surface. The complex was 
removed with sharply pointed forceps (No. 5) under the 
dissecting binocular microscope. A few crystals of strepto­
mycin sulphate were placed on the wound. After the operation 
the borer was removed, the surface was dried and the head 
capsule sealed to the prothorax with a small flap of cuticle 
and molten paraffin wax. 
Following much practice the mortality was reduced to 
about 10^ in most cases and the procedure took less than 
five minutes. Operated specimens were then placed at 5°C 
for one hour in individual vials. Then they were placed in 
o 
an incubator at 30 C and were examined at appropriate inter-
I7.5 g NaCl, 0.35 g KCl, and 0.21 g CaClg per liter of 
distilled water. 
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vais. Sham-operated larvae were treated in similar fashion 
but no tissue was removed through the cut in the prothorax. 
These larvae served as controls. 
Implantation 
Donors of the complexes to be implanted in other 
larvae were flooded with saline. Brain, trachea, aorta 
and the corpus allatum-cardiacum (CAC) complex were removed 
in a mass to a drop of saline and all tissue, except the 
complexes, was teased away. The complexes then were picked 
up in a fine glass pipette, together with a small quantity 
of saline, and injected into the side of the second or 
third abdominal segment of the recipient individuals. In 
some additional experiments, brains were implanted together 
with the corpus allatum-cardiacum complex. Following the 
implantation, the specimens were kept in an incubator at 
30°C and examined at the appropriate intervals. Sham-
operated larvae in this case were treated identically, ex­
cept that they received small amounts of saline instead of 
tissue. 
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RESULTS AND DISCUSSION 
Histophysiological Studies on the Neuroendocrine Complex 
General histological features of the brain and CAC complex 
The European corn borer larva features a hypognathous 
type of head. The orientation of sections is described in 
the following sections as if the head was in its normal 
position relative to the body. Thus, Figure 1 shows a 
normal longitudinal section of the whole head; the position 
of the brain (b) and the corpus allatum-cardiacum complex 
(c) are shown in relation to the suboesophageal ganglion 
(sg), the oesophagus (o) and the general structure of the 
head. Figure 2 is a part of a cross section of the head 
showing the same organs. 
In the insect's brain, usually at least two types 
(A and B) of neurosecretory cells have been described in 
the pars intercerebralis (E. Thomsen, 1954a, 1954b; Nayar, 
1955). Highnam (1961) distinguished four cell types in 
Shistocerca gregaria, two of which had the features of 
neurosecretory perikaryons. In general, the neurosecretory 
cells are defined as neurons which have the cytological 
characteristics of gland cells (Heller and Clark, 1962). 
The brain of the European com borer larva contains three 
groups of neurosecretory cells: medial, lateral, and 
posterior (McLeod and Beck, 1963a). These workers found 
the lateral group to contain five A- and two B-cells, the 
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medial group nine A- and two B-cells, and the posterior 
group only two A-cells. 
The A-cells are often large and lobulated nerve cells 
with granular cytoplasm which stains deep purple with, the 
paraldehyde-fuchsin stain technique. The granules fill 
most of the perikaryon. Those cells are sometimes pear­
like (Figures 3 and 8), or rounded (Figure 4) and sometimes 
they are irregular in shape. It seems that shape of the 
cells depends to a large extent on the amount of the secretory 
material present in the cell. The axons are always seen to 
be leaving the cell at the pointed, narrow end. The B-cells 
(Figure 4) do not stain purple with paraldehyde-fuchsin; 
however, they stain green or bluish green. They are some­
what similar in shape to the A-cells but they do not contain 
stainable granules. 
This investigation deals mainly with the histophysiology 
of the A-cell type. It is now generally accepted that the 
neurosecretory cells of the pars intercerebralis are con­
cerned in the elaboration of the brain hormone (Church, 
1955; Fukaya, 1955; and Nayar, 1956). There are two paths 
by which the hormone could leave the brain. It might either 
be given off by secretion into the blood stream, or it might 
travel inside the axons of the neurosecretory cells. The 
latter method has been reported by Scharrer and Scharrer 
(1944) and supported by Cazal (1948). Stained axons were 
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observed by E. Thomsen (1954a). According to their views, 
neurosecretory material is synthesized in the perikaryon 
and is transported distally inside the axons to its point of 
discharge. 
The histological study of the European com borer 
shows that the internal parts of the brain are intricately 
connected with one another by fibrous tracts formed by the 
axons of associated neurons. The axons inside the brain 
could be traced in most cases (Figures 9 and 10). Two main 
axons, lateral and medial, are found in the brain (Figure 
13). From them many branches course throughout the brain. 
The very fine ends of these branches always arise in 
the ventral side of the neurosecretory cells (Figure 11). 
The two main axons combine with each other to constitute 
one nerve. This is the origin of the nervi corpori 
cardiac! I (Figure 13). The nerve then leaves from the 
ventro-posterior part of the brain, loops ventrally, and 
enters the respective corpus cardiacum (Figure 22). This 
is in agreement with the histological study of Strumm-
Zollinger (1957), in which he showed that the axons from 
the two groups of neurosecretory cell join at their point 
of exit from the brain. Within limits set by the light 
microscope, it was found in this study that the neurosec­
retory granules could be traced within the axons in the 
serial sections. The granules could be seen in the very 
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fine axons "which run close to the neurosecretory cells. 
From there the granules appear to reach one or the other 
of the main axons. The small branches from the medial and 
lateral groups of neurosecretory cells in the protocerebrum 
cross over between the two lobes of the brain, and leave 
as the medial or lateral axons (Figures 9, 12a, and 12b). 
Finally the stainable material can be located in the combined 
axon near the exit from the brain (Figure 14). At this time, 
the granules also were seen at the point of exit of both the 
brain and the CAC complex (Figure 15). The stainable material 
could not be traced from the posterior neurosecretory cells; 
however, they are believed to be connected with the medial 
axon. The staining properties of the secretory products 
inside the neurosecretory cells and in the axons provide 
evidence of secretory activity which varies from stage to 
stage of development. This will be discussed later. 
The paired corpus allatum and corpus cardiacum of the 
European com borer larva appear to be fused together into 
a small ganglionic mass termed the corpus allatum-cardiacum 
complex (McLeod and Beck, 1963a). The glands are located 
lateroventrad to the posterior portion of the brain. Al­
though McLeod and Beck (1963a), mentioned that there is no 
definite separation between the corpus cardiacum and the 
corpus allatum, the complex does appear to be slightly 
bilobed in some specimens (Drecktrah, Knight and Brindley, 
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1966). The present histological investigation shows that 
the corpora allata and corpora cardiaca are fused together 
and accordingly, there is no nervi corpori allati. The 
complex seems to be composed of two fused lobes (Figure 16). 
The histological appearance indicates a line of separation 
between the two lobes (Figures 17, l8, and 19), although 
the border between them is not distinct in some specimens. 
The two lobes differ remarkably in their structure. 
The corpora cardiaca develop as an invagination of the 
oesophagus near the hypocerebral ganglion (Roonwal, 1937). 
They seem to be of nervous origin, and consist mainly of 
nerve fibres and indistinct cells within a connective 
tissue. This description applies to the dorsal anterior 
part of the complex (Figures 17, l8, and 19). A large part 
of the gland is made up of nerve fibres. Most of the nerve 
fibres present come from nervi corpori cardiac! I 
(Hanstrbm, 1940,and Scharrer and Scharrer, 19^4). It 
appears that the axons of the neurosecretory cells located 
in the brain, and which contain masses of neurosecretory 
granules, end in this part of the complex. The histology of 
this part of the complex, its nerve supply, and its connec­
tion with the neurosecretory centers in the brain is in 
agreement with the anatomies of other corpora cardiaca 
(Cazal, 1948; Scharrer and Scharrer, 1954a, 1954b; and 
Gabe, 1953b, 1954). 
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Mellanby (1936) showed that the corpora allata origi­
nate as ectodermal invaginations in the area between the 
mandibular and maxillary pleurites. The corpus allatum of 
the European corn borer consists of 7-8 large secretory 
cells (Figure 20) which make up the bulk of this part of 
the complex. Around these cells there is an indistinct 
border of small cells. The rest is a syncytial type of 
structure, but with discrete axons (McLeod and Beck, 1963a.) 
(Figure 20). The secretory cells are all of the same type 
and have the same morphological features. They are generally 
spherical or ovoid with large lobular nuclei, central in 
position. The cytoplasm stains greenish-blue whereas the 
chromatin stains orange with paraldehyde-fuchsin. The cell 
boundaries are often distinct, but they are difficult to 
detect in some cases. In some sections the corpus allatum 
has been observed as if enveloping the corpus cardiacum 
(Figure 21). Like all other organs in insects, the CAC 
complex is richly supplied with tracheae. As they enter 
the gland, they divide into a number of small tracheoles. 
Each CAC complex is covered with a thin boundary layer which 
stains purplish-blue with paraldehyde-fuchsin. 
There are many nerves connecting the complex with the 
other organs (Figure l). Secretory granules have been 
detected in some of these nerves. As previously mentioned, 
the combined axons which come from the neurosecretory cells 
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of the brain finally leave it and loop ventrally (nerve 1} 
to enter the appropriate corpus cardiacum (Figure 22). This 
nerve extends directly from the ventro-posterior portion 
of the brain, and it is composed mainly of nerve fibres 
(Figure 23). The secretory granules have been observed in 
this nerve, but the quantity varies with the stage of the 
secretory cycle as will be discussed in the next section. 
Not all the fibres terminate in the corpus cardiacum; some 
of the axons pass through it and terminate between the cells 
of the corpus allatura section of the complex. Arvy and 
Gabe (1953c, 195^) and Schultz (i960) showed that fibres 
bearing neurosecretory material pass along the corpus 
cardiacum, and partly through it, to the corpus allatum. 
Using the terminology used by McLeod and Beck (1963a), 
the nervi corpori cardiaci II, which originate in the 
anterior half of the complex, pass anteriad along the surface 
of the brain (Figure 19). They then produce a small branch 
to the brain, posterior to the origin of the optic nerve. 
It continues anteriorly and finally terminates on the inner 
surface of the head capsule (Drecktrah, Knight and Brindley, 
1966). The neurosecretory products have n^t been observed 
in this nerve. From the posterior part of the complex (the 
corpora allata lobe), nerve number 1 leaves inesad and runs 
in the direction of the aorta, sending a branch to the 
recurrent nerve. The neurosecretory granules are seen in 
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this nerve as well as in the walls of the aorta, but the 
granules have never been observed in the recurrent nerve 
(Figure 24). Johnson (1962, 1963) has shown that neuro­
secretory material can be found in the aortal nerves. 
Figure 25, which shows a cross section of the recurrent 
nerve and the aorta, also shows the connection with nerve 
number 1. In Figure 26, which is an enlargement of a cross 
section of the aorta, the secretory granules can be seen 
within the walls of the aorta. Johansson (1958) and Nayar 
(1956), using haematoxylin and paraldehyde-fuchsin techniques, 
suggest that there may have been an accumulation of the brain 
hormone in the aorta wall. Another nerve, nerve number 2, 
originating in the median part of the complex, runs directly 
to the lateral walls of the oesophagus. Neurosecretory 
granules were sometimes observed in this nerve as well as 
within the walls of the oesophagus itself (Figures 27 and 
28). Nerve number 3^ originating in the anterior portion 
of the complex, runs anteroventrally for a short distance. 
It forms a small ganglion consisting of two large cells 
which resemble secretory cells (Figure 29). From this 
ganglion a branch extends laterally to join the maxillary 
nerve of the suboesophageal ganglion (Figure 30). The main 
part of nerve number 3 proceeds anteroventrally and termi­
nates near the base of the maxilla. The neurosecretory 
granules have always been detected in nerve number 3 in the 
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part between its connection with the complex and the 
ganglion. Also, the granules are sometimes seen between 
the ganglion and the maxilla. The last nerve, nerve number 
4, extends posteroventrad from the ventral side of the 
complex; McLeod and Beck (1963a) stated that this nerve was 
traced to an apodeme of the tentorial bridge. 
Morphologically, the secretory granules differ greatly 
in their appearance according to the quantity present inside 
the neurosecretory cells. They are sometimes seen as large 
pools of products almost completely filling all the space 
of the neurosecretory cell, even obscuring the nucleus 
(Figure 8). Sometimes only few granules are present (Fig­
ures 5 and 6). In the corpus allatum-cardiacum complex, 
the granules are mainly seen around the periphery of the 
gland, or scattered between the secretory cells. The neuro­
secretory granules as seen with the light microscope, might 
well be just a mass of elementary granules gathered together 
in aggregates. Such granules seem to be of two distinct 
sizes: small, with a diameter of about lju or less; and 
large, with a diameter of about 2-4 ju. According to 
Nishiitsutsuji-Uwo (I96O, 1961), elementary granules measure 
IOOO-25OO in Philosaraia and 6OO-36OO A° in Bombyx. B. 
Scharrer (1962) reported that the diameter of the elementary 
granules in Leucophaea maderae measure 1000-3500 A°. Passano 
(1954) mentioned "granules spheres" 2-4 ju in diameter, which 
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were composed of fine granules 0.3 Ju in diameter. Stiennon 
and Drochraans(1961) working on Carausius morosus, reported 
the presence of two kinds of granules, small (9OO-25OO A°), 
and large (3000-4000 A^). 
Histophysiology of the endocrine complex during larval 
development 
Morphological changes in the neurosecretory cells 
during the different stages of larval and postembryonic 
development have been reported in a large number of species. 
It is generally accepted that the function of the brain 
hormone is cyclical. This has been confirmed by histo­
logical research on the neurosecretory system. The stain-
able neurosecretory material is synthesized in the neuro­
secretory cells. It is then released and transported along 
the axons of the nervi corpori cardiaci I to the corpus 
cardiacum. Here it is accumulated and stored. Prom there 
it is later released into the blood stream. These processes 
can be observed only by histological study. In some insects 
these processes may overlap while in others the cycles appear 
to be discrete. The neurosecretory cells appear to synthe­
size and accumulate the neurosecretory material, which is 
later transported to the axons. The neurosecretory cells 
then become vacuolated (Arvy and Gabe, 1953a, 1953b, and 
1954 and Herlant-Meewis and Paquet, 1956). In the present 
study, the object was to try to provide an accurate descrip­
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tion of the relationship between the quantity of the neuro­
secretory material, the molting cycle, and the stage of 
larval development. In order to provide such a description, 
larva_e 5-17 days old were reared under laboratory conditions, 
and records were kept for each larva concerning the age and 
stage of development. 
It has always been the feeling that description of 
staining reactions alone provide an inadequate basis for 
conclusions regarding the quantity of the secretory material 
and its correlation with the physiological condition. In 
order to overcome this, serial sections of the larval head, 
10ju each, were made. In these serial sections the CAC 
complex usually could be seen in 5-7 sections. The amounts 
of the neurosecretory granules present in the three middle 
sections were counted and assumed to represent the gland 
status. As there are two sizes of the granules, small and 
large, each kind was counted separately in the hope that 
this might indicate a correlation with physiological 
activity. Stiennon and Drochmans (1961) working on 
Carausius morosus, reported that the small type is present 
irrespective of the state of the activity of the cell, 
whereas the large type is numerous in cells in full 
elaborative activity. In the brain, the neurosecretory 
product is usually seen as large pools or aggregates of 
products. Under this condition it was impossible to count 
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individual granules. Instead, estimates of quantity were 
made as follows: one +, represents a small amount of 
secretory granules; two ++, a moderate amount; three +++, 
a large amount; and four -H-H-, a very large amount of 
secretory material in the neurosecretory cells of the brain 
(Figures 6, 7, and 8 respectively). The peak of the 
activity in the neurosecretory cells during development 
appears to vary according to species. According to Herlant-
Meewis and Paquet (1956), working on Carausius morosus, the 
neurosecretory cells in the pars intercerebralis are poor 
in secretory products at the time of each molt. At the 
same time the nervi corpori cardiaci I contain little 
secretory material. They found also that the neurosecretory 
activity reached its maximum after about one-third of the 
next intermolt period had elapsed. In Bombyx mori, Arvy 
et al. (1953) and Bounhiol et 5^. (1953), mentioned that 
the first third of the interval to each intermolt represented 
a "charge" period in which neurosecretory cells reach a 
peak load, followed by a period of discharge that lasts 
until the next ecdysis. Mordue (19^5) reported that, in 
Tenebrio, the accumulated neurosecretory material is released 
at the time of the imaginai molt. 
Arvy and Gabe (1953b, 1953c) working on Ephemeroptera, 
reported that the secretory product was much more abundant, 
and the activity of the perikaryons in the pars intercere-
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brails was maximal just before the imaginai ecdysis. The 
same authors ( 1953c, 1953d., 1954) mentioned that the neuro­
secretory cells were richer in secretory product in the 
larva of Plecoptera that were still a long way from the 
imaginai ecdysis. Figure 38 illustrates the fluctuation 
in the quantity of the secretory material of the neurosecre­
tory cells during larval development. It can be concluded 
that after the molt a great amount of secretory granules is 
found, and that the amount increases from large (-H-+) to 
very large (mm) (Figures 7 and 8, respectively). Right 
after the molt the neurosecretory cells are considered to 
be actively producing and accumulating the secretory products. 
After reaching a maximum production about 1/3 of the way to 
the following instar (molt), the amount of the stainable 
granules starts to show a considerable decrease. It de­
creased from a very large amount (++++) to a large amount 
(+++) and reached a moderate amount (-H-) -st the time of 
the following molt (Figure 6). At the time of the molt the 
neurosecretory cells of the brain are considered to be 
actively releasing material to the axons. Neurosecretory 
granules were detected in the nerve which leads, eventually 
to the CAC complex. These axons at the time of the molt 
were fully charged with the granules. This whole cycle is 
repeated in each instar (Figure 38). It could be mentioned 
here that the brain hormone is not liberating or releasing 
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in a continuous manner; the results indicate, rather, that 
there is a true cyclical release in the course of each 
larval instar. 
The brain neurosecretion has been seen in the corpora 
allata of many insects, and it has been stated that its 
production of juvenile hormone follows closely the changes 
in the activity of the neurosecretory cells (Highnam, 1963). 
Shortly after each period of increased neurosecretory 
activity during postembryonic development, there is an 
increase in the size of the corpora allata and corpora 
cardiaca (Gabe, 195^). 
In the European com borer, the neurosecretory granules 
inside the CAC complex showed almost the reverse of their 
appearance in the brain. Figure 39 illustrates the changes 
in amount of granules present in the CAC complex during 
different stages of larval development. The maximum amount 
of the secretory product is present Just before and during 
the process of molting. After the molt, the amount decreases 
till the end of the intermolt period. At that time the 
neurosecretion is released into the aorta, as indicated by 
the large amounts there at that time. As the gland at this 
stage contains only a small amount of the neurosecretory 
material from the brain, it is considered to be highly 
active in releasing the secretory product. At the same 
time, vacuoles and cracks between the cells occurred just 
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after the release of the secretory product started. This 
period of release is followed by another period of increase 
in the amount of secretory material inside the gland. This 
represents a period of production and accumulation of the 
material, and reaches a peak at the time of the following 
molt. 
The secretory cells of the gland itself show a cyclic 
change too. During the molt when the gland is filled with 
neurosecretory material from the brain, the secretory cells 
possess a non-vacuolate cytoplasm (Figure 20a). When the 
release of brain hormone begins after the molt, the secretory 
cells of the gland become vacuolate, and cracks appear in 
the cytoplasm and between the cells (Figures 3^ and 35). 
This might be explained as follows: as the brain hormone 
accumulates around the secretory cells of the CAC complex 
it activates the secretory cells to produce and accumulate 
their own hormone (juvenile hormone). Also, the presence 
of the granules might inhibit the secretory cells from 
releasing juvenile hormone. As the brain hormone is released 
from the CAC complex, the latter starts to show vacuoles 
and cracks (Figures 35 and 36). Also the cytoplasm seems 
to be extending toward the adjacent axons (Figures 34a and 
34b). At this time the secretory cells of the gland can be 
considered to be actively releasing Juvenile hormone. After 
the intermolt period another accumulation of the neurosecre-
tory granules occurs inside the gland. The vacuoles and 
the cracks inside the secretory cells start to disappear. 
The cycle is thus repeated during the following molts 
(Figure 39).  
Practically all the experimental, histological, and 
morphological data of this study, and those of other workers, 
suggest that the corpora allata are inactive at the beginning 
of each instar and that at that time the haemolymph does not 
contain an effective quantity of the juvenile hormone 
(Wigglesworth, 1936, 1940a, 1940b; Mendes, 19^7; and Novae, 
1951a). In the present study the secretory cells of the 
complex are fully charged and seem to be highly active in 
producing, but not releasing, material. On the other hand, 
the nerve from the gland to the aorta (nerve number l) con­
tains a very small amount of the secretory product. Here, 
it seems clear, the secretory cells of the CAC complex 
exhibit cyclic secretory activity. These cycles are corre­
lated with the release of the juvenile hormone. This is 
in agreement with the results of Kaiser (19^9), Scharrer 
and von Harnack (1958), Strangways-Dixon (196I), and Engel-
mann (1962). 
It is now generally believed that the presence of the 
juvenile hormone in a concentration below the morphogenetical 
threshold is necessary for the completion of the imaginai 
differentiation. Lockshin and Williams (1964) mentioned 
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that juvenile hormone serves to delay development, or to 
act like an Inhibitory factor. Also, they mentioned that 
the insect is considered to be "prograjnmed" for a precise 
developmental sequence and the juvenile homone merely 
delays the inevitable. All the data agree that the corpora 
allata are inactive at the beginning of each molt, and as 
the molting process progresses, the concentration of 
juvenile hormone in the blood decreases (VJigglesv/orth, 
1936 and Novae, 1931a., 1951b). Working with the Cecropia 
silkworm, Williams (196I) stated that at each larval instar 
the glands are least active just prior to the larval molt 
and most active shortly after the molt. Also, he reported 
that larval molting appears to take place in the presence 
of a declining titer of juvenile hormone. 
For some years there has been a controversy concerning 
the relationship between the physiological activity of 
neurosecretory cells and their histological appearance. 
Some authors describe the gland to be active when it is 
fully charged with stainable neurosecretory material (Gabe, 
1953c, 1953d, 1954 and Dupont-Raabe, 1952, 1956a, 1956b). 
On the other hand, Highnam and Lusis (1962) described the 
cell to be inactive when it is "charged" with neurosecretory 
material. Also it has been stated by Pflugfelder (1948) 
that the glandular cells of the corpora allata increase 
considerably during the period of their secretory activity 
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and shrink during their inactive periods. Increase in the 
size of the gland is considered to reflect an increase 
in its activity (E. Scharrer, 1952; Joly, 195^; B. Scharrer, 
196I; Highnam et al., 1963; and Strong, 1965). It is 
worth noting however, that there may be an exception to this. 
Thus, Lea and Thomsen (1969) showed that in Calliphora 
erythrocephala secretory activity of the corpora allata 
was not correlated with its size. 
Any secretory cell has two main functions: one con­
cerning the production and elaboration of its secretory 
product; and the other the release of this secretory sub­
stance. Therefore, it seems here that the word "active" 
is not sufficient to describe the physiological action of 
the cell. In this study, it appeared that production and 
release of the secretory material were completely separate 
processes. It is better, therefore, to use two terms to 
describe the activity of the cell: "active producing", to 
describe the neurosecretory cell which is elaborating the 
secretory material, and "active releasing", to describe the 
cell which is discharging its products to the axons attached 
to it. According to this concept a secretory cell full of 
stainable material is assumed to be highly active In pro­
ducing and accumulating material. Such accumulation may be 
a result of lack of release. On the other hand, a cell 
which has a reduced amount of secretory material is assumed 
36 
to be inactive in production but it is actively releasing.* 
Such release of the secretory material produces a cell that 
is highly vacuolate» 
Histophysiology of the endocrine complex during diapause 
The European corn borer enters diapause as a mature 
fifth-instar larva. Diapause in this species is facultative 
and is mediated by temperature and photoperiod (Mutchmor 
and Beckel, 1959; and Beck and Hanec, i960). Secretory 
granules have been detected in the neurosecretory cells 
through the period of diapause in several species: Lucilia 
caesar (Eraser, 1959); Chllo suppressalis (Mitsuhashi and 
Pukayo, 196O); and Mimas tiliae (Highnam, 1958a and 1958b). 
The present work is an attempt to ascertain if there 
is any histological change in the endocrine complex related 
to the physiological activity during diapause. Prom the 
histological appearance, the secretory material inside the 
neurosecretory cells of the brain showed an increase, in 
the period 20-40 days after hatch, under diapause con­
ditions. After that period the density of the stainable 
*The writer is aware, of course, that alternative 
interpretations are possible. For example, what we have 
called "active producing" cells may simply be serving as 
storage chambers and may not be producing at all. Simi­
larly, cells that we have called "active releasing" may be 
producing but at a low rate relative to the amount released. 
However, this latter alternative seems more weakly supported 
by our data, and we therefore favor the former. 
37 
products was almost constant as diapause continued. During 
diapause, the secretory cells exhibited no cyclical activ­
ity and the brain hormone was produced continuously under 
diapause conditions. Only a slight decrease in the amount, 
during the release oT the secretory material, was observed. 
It appears that the brain hoiroone is produced and released 
continuously during the 20-40 day period. Thus the neuro­
secretory cells appear to be highly active, producing and 
releasing secretory material very rapidly but not cyclically. 
During the period from 50-190 days the neurosecretory cells 
did not change, and there was a constant amount of the 
secretory product. During this period, the material was 
probably not being released, as the granules could not be 
detected in the axons of the brain and the nervi corpori 
cardiac! I. The brain under this condition can be considered 
to be Inactive in releasing, because the secretory granules 
accumulate. 
The studies of such workers as Lees (1959), Highnam 
(1962, 1963), and Slama (1964), with various species has 
led to the general view that the inhibition of the neuro­
secretory cells during diapause is induced by an external 
factor such as temperature and photoperiodism. In short, 
environmental factors control brain hormone production. It 
has been mentioned also, by various authors, that the pupal 
or larval diapause is a state of endocrine deficiency result­
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ing from temporary failure or temporary interruption of 
secretory activity in the neurosecretory cells of the pars 
intercerebralis, and most probably entails a blocking of 
the passage of secretory granules (Williams, 1952a, 1952b, 
195^). Church (1955) has shown that the larval diapause in 
Cephus clnctus is connected with cessation of activity in 
the cerebral ganglion. The same is true of the larval 
diapause in Gryllus campestris (Sellier, 1956). 
Figure 40 shows the amount of the stainable neurosecre­
tory granules present in CAC complex during diapause and 
diapause development of the European corn borer larva. 
During the first period of the diapause (20-40 days), there 
was an increase of the brain neurosecretory granules. This 
reached a maximum on the 40th day of diapause. During that 
period, the secretory granules were detected in large 
quantities in the axons of the brain, the nervi corpori 
cardiac! I, and in the CAC complex. The gland, during this 
period apparently received a large amount of material from 
the brain. At the same time there was a release of the 
granules from the CAC complex through the nerve to the 
aorta. But generally, it appeared that the amount of the 
neurosecretory granules received by the CAC complex from the 
brain was more than that released from the gland. The secre­
tory cells of the CAC complex during this period have abun­
dant cytoplasm without cracks or vacuoles. Even the cyto­
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plasm, which used to stain greenish blue, seemed to be 
darker than usual. The secretory cells of the gland are 
considered here to be producing material but not releasing 
it. The amount of the stainable granules decreased sharply 
during the period of 40-60 days. The amount of granules 
seen in the nervi corpori cardiac! I was considerably less 
than formerly. The amount of material leaving the gland 
through the nerve number 1 to the aorta was apparently 
greater than that entering it through the nervi corpori 
cardiac! I. The secretory cells of the gland gradually began 
to show less dense cytoplasm. The cytoplasm appeared to be 
expanding from one side of the cell (Figures 34a and 34b). 
The cells appeared to be releasing product into the adjacent 
axons. This process could not be traced beyond these cyto­
plasmic expansions. 
This period is followed by a gradual decline in the 
amount of the granules during the period between 6O-15O days 
and then remained almost constant as a very small amount. 
At this time, the secretory material was almost absent from 
the nervi corpori cardiac! I, where formerly it was seen in 
large quantities, especially in the period between 40-60 
days. During this period (6O-I5O days) the secretory cells 
of the gland change their appearance with the progress of 
diapause. The granules are considerably decreased, presum­
ably as they are released. This is accompanied by occurrence 
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of visible cracks and spaces between the cells as well as 
vacuoles inside the cells (Figure 36). The secretory cells 
of the gland appear to be actively releasing throughout 
this period. The material (juvenile hormone) which had 
been produced and accumulated during the first period of 
diapause induction (20-40 days) was released until it was 
exhausted. There was no sign of any cyclical activity. 
The supply of the brain hormone (granules) to the CAC 
complex seems to reach a maximum and then decreases to zero 
after a certain time (40 days in this case). As discussed 
above, when the brain granules are present in the CAC 
complex in large amount, it seems that they activate the 
secretory cells of the corpora allata to produce the juvenile 
hormone. At the same time they apparently inhibit the release 
of that hormone. When the amount of secretory granules 
decreases in the gland, release of the juvenile hormone 
follows. 
The histological evidence, in this study, indicates 
that the CAC complex is highly active, releasing material 
during diapause. This agrees with the work of Pukaya and 
Mitsuhashi (1957, 1958) who mentioned that the larval 
diapause of the rice stem borer is accompanied by the secre­
tory activity of the corpora allata. Highnam (1958a) also 
presented evidence that the corpora allata are active during 
diapause. 
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After about four months in diapause the brain and the 
CAC complex start to show extensive evidence of cellular 
degeneration. Large vacuoles are present, and the cytoplasm 
is condensed (Figure 37). It has been mentioned that 
juvenile hormone has the effect of preventing degeneration 
of the body for a time (Wigglesworth, 1952). Perhaps this 
might explain why the gland is actively releasing its 
material during diapause. 
Histophysiology of the endocrine complex during diapause 
development 
Larvae 90 days old, reared under diapause-inducing 
conditions, were used for this part of the study. The larvae, -
in individual vials, were placed at 5°C to break diapause. 
From these larvae, three samples (10 larvae each) were taken 
for histological studies. The samples were taken on the 50th, 
80th, and 100th days of storage at 5°C. After 100 days at 
5°C, the rest of the larvae were transferred to a 30^C in­
cubator. At this temperature the larvae start to pupate 
after 10-15 days. On the 7th day, a sample of these larvae 
was then taken for histological examination. The heads of 
the sampled larvae were fixed, embedded, sectioned and 
stained in the usual manner. Histological examination for 
the appearance and the amount of the secretory material in 
the neurosecretory cells of the brain and the CAC complex 
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was made. The neurosecretory cells of the brain did not show 
any remarkable change in the first 50 days at 5^C. However, 
the secretory granules showed slight increase in density. 
By the end of the chilling period, the amount of the stain-
able material was very dense and stained a deep purple with 
the paraldehyde-fuchsin stain. There were no vacuoles or 
cracks in the neurosecretory cells. 
The neurosecretory cells of the larvae which had been 
placed at 30°C for one week, showed a very sharp increase in 
the amount of the secretory product. The granules also were 
detected in the axons of the brain and the nervi corpori 
cardiaci I. Up to this point it appeared that the neuro­
secretory cells were rapidly producing and releasing the 
secretory product which then passed through the nervi corpori 
cardiaci I to the corpus allatum-cardiacum complex. The net 
result was that, when the diapausing larvae were placed at 
5°C for 100 days, the neurosecretory cells recovered their 
ability to produce and release the brain hormone, and it 
seems that the chilling period increased the activity of the 
neurosecretory cells. The histological evidence indicates 
that there was a gradual accumulation of the secretory 
product in addition to a great increase in the amount of the 
granules passing to the CAC complex. These results are in 
general agreement with those of Williams (1956) and Highnam 
(1958a and 1958b). 
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Stainable granules present In the CAC complex were 
counted. The results are shown in Figure 40. It is evident 
that the amount of stainable granules increased, from 290 on 
the day 0 to 355 on the 50th day, at 5^C. The increase here 
was very slow. During the second 50 days at 5°C> the suaount 
increased from 355 to 595. The increase here was about four 
times as great as in the first 50 days. During the time at 
30°C, following 100 days at 5^C, the CAC complex showed a 
great increase in the amount of the granules. The amount 
jumped from 595 to 855 within 7 days at 30^C. 
Apparently the gland, which was actively releasing 
during diapause, started a very slow accumulation of the 
secretory granules during the first part of the chilling 
period. At the end of this chilling period, there was a 
sudden increase of the neurosecretory material, accompanied 
by a change in the appearance of the secretory cells of the 
gland. The cytoplasm looked very tightly packed and all the 
cracks and the vacuoles, which appeared during diapause, 
started to disappear. After one week at 30°C the glands 
were fully charged with the brain granules (Figure 31) and 
the secretory cells apparently lost their ability to release. 
From the preceding observation one may conclude that 
the corpora allata, which were actively releasing during 
diapause, gradually lost their ability to release during 
diapause development and became completely inactive during 
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the post-diapause period at 30°C. On the other hand, it was 
still producing and accumulating its hormone. Highnam (1958a), 
working with Mimas tiliae, indicated that the corpora allata 
are the only endocrine organs actively secreting during 
diapause and that this activity ceases between the third and 
fourth week at 3^0. The present study is in general agree­
ment with that of Pukaya and Mitsuhashi (1957, 1958) who 
mentioned that the corpus allatum seems to show high activity 
during diapause and to lose its activity gradually with the 
approach of pupation. 
Experimental Studies on the Role of the Endocrine 
Complex on Larval and Diapause Development 
Environmental conditions favoring diapause development 
European corn borer larvae enter diapause as mature non-
feeding larvae, properly termed prepupae (Folsom and Wardle, 
1934). Diapause In this species Is facultative, and is 
mediated by temperature and photoperiod (Mutchmor and 
Beckel, 1959; Beck and Hanec, 196O). To terminate diapause 
in this species a photoperiodic synchronization of rhythmic 
functions, and activation of the neuroendocrine system is 
required (Beck, 1964). In addition an influence of the 
relative humidity (R.K.) has been observed. A chilling 
period is also required for diapause development. Highnam 
(1958a, 1958b) showed that the neurosecretory cells of the 
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brain are inactive in the diapausing pupa (Mimas tiliae) at 
room temperature, but that they produce intracellular 
material (granules) during the first three weeks of chilling 
at 3*C. Williams (1946, 19^7, 1948a, and 1949) working on 
Platysamia cecropia, mentioned that the diapause pupa has to 
be kept at a low temperature for a minimum period of six 
weeks, and diapause is terminated after a further two weeks 
at 25^C. The same author in 1956 has shown that by greatly 
extending the low temperature period, the time at 25°C before 
diapause is broken can be reduced to as little as one day. 
Generally, the diapause of a given species seems to have a 
definite minimum length at a particular temperature. The 
action of the low temperature is mainly to activate the brain 
and to enable it to evoke development. Once the neuroendo­
crine system has been fully activated, brain hormone and 
ecdyson production are initiated, and the Insect resumes 
the molting cycle that leads to pupation. 
To obtain consistent results in the following experi­
ments, in wnich the diapause was to be broken by injection 
or transplantation of endocrine material, it was necessary - ' 
to find first what the best combination of chilling period, 
humidity, temperature, and daylength might be for terminating 
diapause naturally. For the purpose of this experiment, 
combinations of 50^ - 5^ and 951^ - 5^ R.H. with 31 j 74, 100, 
and 122 days of chilling periods at 5°C were used. Sub­
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sequent developmental temperature (30^C) and daylength (1? 
hours) were kept constant. The percent pupation following 
chilling was considered a measure of diapause development. 
The results are shown in Table 1 and Figure 4l. They indi­
cate that, to terminate diapause, larvae should be placed 
at 5°C for at least 100 days, followed by a period at 30°C 
and long photoperiod (17 hour daylight). The R.H. should 
be 95/» - 3% or more for a high percentage of pupation. I'/hen 
the R.H. was 50^ - 5^, 160 of the larvae pupated. Under 
the same conditions but with the R.H. at 95^ - the 
pupation increased to 88^. Most of the pupation occurred 
within the first 15 days. VJhen the chilling period was 
increased to 122 days, pupation was 24^ at 50^ - 50 R.H. 
and 900 at 950 - 50 R.H. There was a slight increase in 
pupation over that at 100 days of chilling. When the period 
at 5°C was decreased to 74 days, the pupation was 100 at 
500 - 50 R.H. whereas at 950 - 50 R.H. it was 220. vJhen the 
temperature, daylength and the chilling periods are constant, 
the diapause termination was dependent on the percent rela­
tive humidity. As relative humidity was increased pupation 
was increased. Also diapause development was dependent on 
the chilling period. IVhen the temperature, daylight, and 
the relative humidity were constant, the percent pupation 
differed according to the chilling period. VJhen the chilling 
period was 31, 74, 100, and 122 days, the percent pupation 
Table 1. The effect of chilling period and percent R.H. on diapause development 
Number of pupae 
Days Percent Number of Mortality O-I5 More than Percent 
at 5°C R.H. specimens as larvae Days I5 days pupation 
74 50 i 5 50 45 - 5 10 
100 50 ± 5 50 42 8 16 
122 50 i 5 50 38 - 12 24 
3 1  9 5 - 5  5 0  4 7  -  3  6  
74 95 - 5 50 39 6 5 22 
100 9 5 - 5  5 0  6  3 0  1 4  8 8  
122 95 * 5 50 . 5 36 9 90 
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was 6, 22, 88, and 90$ respectively. 
The effect of ligaturing larvae of various stages on sub­
sequent larval development 
The direction of differentiation during larval develop­
ment is due to a temporary lack of an effective Juvenile 
hormone titre in a part of each stadium (Wigglesworth, 1936, 
1954; Novae, 1966; and Williams, I96I). Also it is generally 
accepted that one would expect a second larval fonn from a 
test animal containing a high concentration of the Juvenile 
hormone. On the other hand the occurrence of mixed forms 
might be a result of a low concentration of the juvenile 
hormone. In practice any molt can be controlled so as to 
produce larval characters or imaginai characters, according 
to the hormone concentrations. 
In the light of the histological observations discussed 
earlier, it is clear that in the com borer, as in other 
insects, the secretory products move from the neurosecretory 
cells of the brain through axons to the CAC complex. Accord­
ingly, the corpora allata might well furnish, in addition to 
Juvenile hormone, the brain hormone which has been stored 
there. The brain hormone and juvenile hormone apparently 
undergo a cyclic change in amount during larval development. 
The following experiment was conducted to find out if 
there is any effect on third, fourth, fifth, and the late 
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fifth instar larvae when both the brain hormone and the 
CAC complex hormone were prevented from reaching the rest 
of the body by ligature between the head and the prothorax. 
Thirty larvae from each instar were used. The results are 
summarized in Table 2. In all cases, none of the ligatured 
larvae pupated. They remained as larvae for periods much 
longer than would be required for pupation under normal 
conditionsJ sometimes as long as ^0-60 days. 
In the case of third instar larvae, there was a 63.7% 
mortality during the first 29 days after the ligaturing. 
This high mortality could be due to the small size of the 
larvae. None of the fourth instar larvae died during the 
first 29 days, but all of them died later as larvae, and 
none showed any sign of pupation. In the case of the fifth 
instar larvae, 20^ died during the first 29 days. However, 
in this case they were neither larvae nor pupae. They were 
mixed forms with both larval and pupal characteristics. 
Generally, the mixed forms have a larval head, while the 
abdominal segments of the animal are imaginai and had pupal 
characteristics and appearance. The thoracic segments were of 
mixed forms, and in some specimens the wing buds could be seen. 
The rest of the larvae (8O5È), remained as larvae for different 
periods, some as long as 6l days; but all of them finally 
died as larvae. In the late fifth instar larvae, there was 
a very high mortality during the first 29 days; 83.6^ of the 
Table 2. The effect of ligaturing larvae of various stages on subsequent larval 
development 
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larvae died as mixed forms. The rest of the specimens 
survived for longer periods, but finally died as larvae. 
In all cases, probably it was the lack of the neuro­
endocrine complex's hormone or hormones that prevented 
pupation. In the case of the fifth instar larvae, 20fo of 
the larvae were in a critical period of metamorphosis, and 
they died as intermediate forms. The same argument can be 
applied to the late fifth instar larvae, 83.6^ of which died 
as mixed forms during the first 29 days. Here, the late 
fifth instar larvae were apparently in a very critical 
situation as metamorphosis had almost reached the point of 
pupation. Accordingly, an amount of the hormone or hormones 
needed for pupation was already present in the blood stream 
before ligaturing. Apparently the amount of hormone was 
insufficient to permit full expression of the pupal characters. 
The effect of transplanting CAC complex in previously 
ligatured or allatectomized fifth instar larvae 
In the first experiment, 17 fifth instar larvae were 
ligatured between the head and prothorax. Five days later, 
they were injected with one pair of CAC complex from a fifth 
instar donor larva of the same age. Another group of 14 
fifth instar larvae were ligatured and five days later, they 
were injected with 2-3 pairs of CAC complex. The results 
are shown in Table 3. Five larvae from the first group, which 
Table 3. The effect of transplanting CAC complex In previously ligatured fifth 
instar non-diapause larvae 











both pupae and 
mixed forms 
Ligature + 1 pair 
of CAC complex 17 10 3 80 
Ligature + 2-3 pairs 
of CAC complex 14 22.5 
Ligature + saline 20 20 19 
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had been injected with one pair of CAC complex, pupated 
within 13 days of the injection. Another three larvae 
changed to mixed forms. The mixed forms and those that 
pupated represent 80^. In the case of the second group, 
which were injected with 2-3 pairs of CAC complexes, none 
pupated and only two larvae were changed to mixed forms. 
The rest molted again and remained as larvae till death. 
In the second experiment, 15 larvae in the fifth instar 
were allatectomized. Another group of 25 larvae were 
allatectomized; five days later, they were injected with 
one pair of CAC complex from the fifth instar donor. In a 
third group larvae were only sham-operated and used as con­
trols. The results are shown in Table 4. It is clear that 
allatectomizing prevented both pupation and production of 
mixed forms. On the other hand, as mentioned in a previous 
experiment, ligaturing prevented pupation of the fifth instar 
larvae, but at the same time permitted production of about 
20^ mixed forms (Table 2). Ivhen one pair of CAC complex was 
Injected five days after the fifth instar larvae had been 
allatectomized, five larvae pupated. This represents 71.4^ 
of the surviving specimens. In the control 100^ pupated, and 
the sham-operated gave 8l.2^ pupation. 
Prom this series of experiments it seems clear that if 
the function of the CAC complex is made subnormal either by 
ligaturing or allatectomizing, that an interruption of 
Table 4. The effect of allatectomy on fifth instar larvae 





Number of Mixed 
survivors Larvae forma Pupae 
Percent of 
both pupae and 
mixed forms 
Allatectomy 15 0 . 0  
Allatectomy + 1 














any treatment 25 25 25 100.0 
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maturation or even a complete arrest of the development will 
ensue. The hormone or hormones of the CAC complex, in 
addition to the brain hormone, are essential for development. 
But, they are needed only in a specific quantity; if they 
decrease or increase, an interruption or arrest of the larval 
development will occur. One pair of CAC complex injected 
in the ligatured or allatectomized fifth instar larvae started 
the development again and resulting in either pupal or inter­
mediate forms. Probably the implanted CAC complex contained 
both brain hormone and Juvenile hormone. But in this case, 
the injected gland might contain the juvenile hormone in an 
inactive form, or its amount was in a very low concentration; 
it did not have any effect in preventing metamorphosis. On 
the other hand, the amount of the brain hormone was abundant, 
and was capable of initiation of development. 
When 2-3 pairs of CAC complexes were injected, they 
prevented any metamorphic change and caused continuation of 
larval forms. Here, it seems clear that the accumulated 
amount of juvenile homone released from 2-3 pairs of CAC 
complexes was very high. This resulted in a high concentra­
tion of the hormone in the blood stream. Accordingly 7 larvae 
out of 9 molted again and remained as larvae. The other 2 
larvae were changed to mixed forms, perhaps the concentration 
of the juvenile hormone was not high enough to prevent the 
development in their case. Mixed forms have been reported 
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by many authors. Depending on the timing of the implantation, 
operated larvae molted into various intermediates between 
larvae and pupae (Piepho, 1940), probably due to the difference 
in the secretory activity of the implanted glands, and the 
stage of development. Ichikawa and Nishiitsutsuji-Uwo (1959) 
and Williams (1959) have reported similar results. According 
to Uigglesworth (1948), the removal of the corpora allata at 
the start of the last larval instar results in somewhat 
nymphold adults. According to Sehnal (1968), in the last 
larval instar when the juvenile hormone titre is low, the 
organs start to differentiate and their shape is character­
istically changed. When juvenile hormone concentration is 
increased by implanting extra corpora allata up to a certain 
critical period, the larval type of growth is retained and 
metamorphosis is prevented. He also found that after this 
critical period only intermediate forms could be obtained. 
The allatectomized and the ligatured specimens of 
European corn borer larvae nevi^ pupated. This suggests 
that absence or subnormal function of the CAC complex may 
be directly or indirectly responsible for the arrest of 
development, giving a state similar to that of diapause. 
Highnam (1958a, 1958b) has suggested that even in the pupal 
diapause the corpora allata may play some part in maintenance 
of diapause. Williams (1946, 194%, 1948a) reported that a 
state corresponding to natural diapause can be induced by 
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the removal of the brain, and that normal diapause can be 
broken at any time by implanting an active brain or the 
source of brain hormone (corpora allata or corpora cardiaca). 
It also has been reported by Novae (I966) that the imaginai 
diapause in Leptinotarsa (De Wilde and Stegwee, 1958), 
aphids (Lees, 1959), and Pyrrhocoris (Slama, 1964), is a 
brain hormone deficiency syndrome, and it can be completely 
abolished by implanting active brain and/or corpora cardiaca. 
Ligaturing and transplanting certain endocrine organs in 
diapause larvae and their effect on diapause development 
As explained in the histological part of this investi­
gation, the neurosecretory cells are inactive during diapause, 
but they show a high activity at the end of the chilling 
period. The present study is an attempt to demonstrate 
experimentally the timing of release of the hormone or 
hormones which initiate diapause development. Ligatures 
in this experiment were placed, as usual, between the head 
and the prothorax at different periods during diapause develop­
ment. Groups of diapausing larvae (15 each) were used for 
ligaturing. All the groups were reared in an identical 
fashion for inducing diapause. In addition, they received 
the same treatments for diapause development (100 days at 
5°C, then transferred to an incubator at 30°C, 17 hours day­
light and 95^ - 5% R.H.), except for the timing of ligation. 
Percent pupation was used as a measure of the effectiveness 
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of the treatments. The results are shown in Table 5. In the 
first group the ligature was made before the chilling period. 
No pupation occurred. The larvae remained in permanent 
diapause until death which occurred within 50 days from 
ligaturing. The results support the histological evidence 
that the neurosecretory cells are inactive during diapause. 
In the second group, the ligature was made after the chilling 
period (100 days at 5°C). Here, 60^ of the larvae pupated. 
This indicates that the factor initiating diapause develop­
ment had been produced and released during the chilling 
Table 5. The effect of ligaturing on diapause larvae in 
different periods during diapause development 
Number of Number of Percent 
Kind of treatment specimens survivors pupation 
Ligature before the 
chilling period 15 15 0.0 
Ligature after the 
chilling period 15 15 60.0 
Ligature after 8 days 
at 30°C 15 15 86.6 
Mo ligature (control) 15 15 94.4 
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period before ligation. The failure of 40$ of the larvae to 
break diapause suggests that the factor responsible for this 
event was not available in an adequate concentration to evoke 
diapause development. In the third group the ligation was 
delayed till after 8 days at 30°C. As was expected the rate 
of pupation was high (86.6#). This Indicates that the 
factor initiating diapause development had been released 
from the brain-gland complex and was in effect after the 
chilling period. The fourth group, a control without any 
ligature, produced over 90$ pupation. 
The results of this experiment are consistent with and 
support the preceding histological evidence. Apparently, 
the neurosecretory material increases gradually during the 
chilling period, and more rapidly toward the end of this 
period. The neurosecretory material then increases greatly 
at 30°C following chilling. Moreover, this experiment pro­
vides abundant evidence that the larval diapause development 
in the European com borer depends on an activating factor 
from either CAC complex, the brain, or both. Williams 
(1946) found that diapause pupae of the cecropia moth, 
Hyalophera cecropia, could be induced to resume development 
by either a prolonged (6-12 weeks) exposure to low tempera­
ture (4-6°C), or by the implantation of the brain of a 
previously chilled pupa. E. Thomsen (1952) and Highnam 
(1962) have conclusively confirmed that the neurosecretory 
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cells of the brain are the primary requirement for the 
activity of the corpora allata. On the other hand, under 
certain conditions, the juvenile hormone appears also to be 
capable of accelerating metamorphosis. The presence of 
juvenile hormone in a concentration below the morphogenetical 
threshold is necessary for complete imaginai differentiation. 
According to Gilbert (1962), the larval-pupal molt occurs 
in the presence of a low titre of juvenile hormone. 
The histological studies described herein show that 
both CAC complex and the brain during diapause development 
and in the fifth instar larvae look identical. To test this 
experimentally, the following series of experiments were 
performed. The objective was to inject different endocrine 
organs from both chilled diapausing and normal fifth instar 
larvae into 90 day old diapausing larvae that had not had a 
previous chilling period. The results of these experiments 
are shown in Table 6. Injection of the CAC complex from 
both chilled diapausing larvae and normal fifth instar 
larvae, gave almost the same result (87.5^ and 85.7^ pupation 
respectively). This indicates that the injected CAC complex 
provides only the hormone which is necessary for the initia­
tion of pupal differentiation, but it does not contain 
appreciable amounts of juvenile hormone. The most probable 
explanation for the failure of some larvae to pupate, is 
that the factor responsible for breaking diapause had already 
Table 6. The effect of transplanting certain endocrine organs in diapause larvae 
on Inducing diapause development and pupation 
Kind of organ transplanted 
Prom fifth instar Prom chilled Number of Number of Percent 
non-diapause donors diapause donors specimens survivors pupation 
CAC complex 28 l6 87.5 
CAO complex 11 7 85.7 
Brain and CAC complex 17 11 90.9 
Brain and CAC complex 20 l4 78.6 
Brain 20 13 61.5 
Brain 12 6 42.8 
Control (injection 
with saline) 22 20 95.0 
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been released into the blood of the donor before allatecto-
mizing, and was thus not available to the host diapausing 
larvae. 
When CAC complex and brain from previously chilled 
diapausing larvae were injected the result was 90.9^ 
pupation, almost the same effect as injecting CAC complex 
alone. The pupation was 78.6^ in the case of injecting CAC 
complex and brain from fifth instar larvae donors. The 
lower percentage pupation here perhaps was due to the 
physiological status of the endocrine complex of the donors. 
As was shown previously, even during the fifth instar there 
is an evidence of cyclicity in production and release of the 
hormones. 
Finally, when only brain from either diapause chilled 
or normal fifth instar larvae was injected, the percent 
pupation was 61.5 and H2.8 respectively. In both cases, 
the brain alone was less active in breaking diapause. The 
low percentage of pupation in this case suggests that the 
factor responsible for breaking diapause is not fully released 
from the injected brain to the blood stream of the host. The 
results also indicate that the CAC complex contains the 
factor responsible for breaking diapause in a higher concen­
tration or in a more effective form than in the brain itself. 
E. Thomsen (1952) mentioned that the activated corpora 
cardiaca may replace the median neurosecretory cells of the 
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brain in their effect. According to Williams (1946, I947, 
1948b), the onset of diapause was correlated with a temporary-
failure of the brain in secreting a hormone required for the 
initiation of adult development. The release of this brain 
hormone was found to terminate dormancy and to set in motion 
the process of development. The same author (1952b) stated 
that the prothoracic gland's growth and differentiation 
hormone, now called ecdysone, becomes available only after 
the brain recovers its secretory ability and triggers the 
function of the prothoracic glands. 
According to the results of this experiment injection 
of the CAC complex, in all cases, gave a higher percentage of 
pupation than was the case v;hen the brain alone was injected. 
The CAC complex contains two hormones, the brain hormone of 
neurosecretory origin, and juvenile hormone which is produced 
by the corpus allatum secretory cells. One can conclude 
therefore, that the CAC complex plays a possible role in 
activating the brain hormone for initiation of diapause 
development. Alternatively, the brain hormone, in conjunction 
with juvenile hormone may be the mechanism required for 
triggering the prothoracic gland and thereby initiating pupal 
development. The role and the function of the prothoracic 
gland needs additional investigation, but this is beyond the 
scope of the present study. 
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SUMMARY 
The principal objective of this investigation was to 
study the physiology and histology of the neuroendocrine 
complex during non-diapause and diapause development of the 
European com borer, Ostrinia nubilalis, (Hubner). The in­
vestigation includes experimental study using ligatures, 
allatectoray and transplanting of certain endocrine organs, 
and their effects on larval and diapause development. 
The results of this investigation demonstrate or con­
firm the following points. 
1. The brain of this species possesses two types of 
neurosecretory cells. A- and B-types. They are 
arranged in three groups: medial, lateral, and 
posterior. 
2. The paired corpus allatum and corpus cardlacum are 
fused together into a small ganglionic mass termed 
the corpus allatum-cardlacum (CAC) complex. It 
appears to be bilobed with a line of demarcation 
between the lobes. The corpus allatum contains 
seven or eight large secretory cells. 
3. A true cyclical course Is followed in the production 
and the release of the neurosecretory granules of 
the brain during larval development, 
4. The secretory cells of the CAC complex also undergo 
cyclical changes. There is a correlation between the 
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presence of the neurosecretory granules of the brain 
in the CAC complex and the production and release of 
the juvenile hormone. 
5. During diapause the neurosecretory cells of the brain 
do not exhibit any cyclical activity. They were 
producing and releasing continuously during the first 
20-40 days of diapause. After that period, the 
stainable granules stayed almost constant in amount 
as diapause continued. 
6. During diapause development, the neurosecretory cells 
of the brain do not show any remarkable change during 
the first 50 days at 5°C. However, an increase 
occurs by the end of the chilling period and a very 
sharp increase occurs upon transfer to 30°C. 
7. The CAC complex, which was actively releasing material 
during diapause, gradually loses its ability to re­
lease during diapause development and becomes com­
pletely inactive during the post-diapause period at 
30°C. 
8. When larvae of various stages were ligatured between 
the head and prothorax, none of them pupated, prob­
ably due to the lack of neuroendocrine complex's 
hormone or hormones needed for larval development. 
9. Injection of one pair of CAC complexes into both 
previously ligatured and allatectomized fifth instar 
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larvae, resulted in either pupal or intermediate 
forms, '..'hen two or three pairs were injected, 
larval development occurred, but there was no 
pupation. 
10. Ligation during diapause development prevented 
development either completely or partially, depend­
ing on the timing of ligation. When the ligation 
was delayed until after eight days at 30^C, 86.6$ 
pupation occurred. 
11. When CAC complex, from either previously chilled 
diapause larvae or fifth instar larvae, was injected 
into diapausing larvae, a higher percentage of 
pupation occurred than when the brain alone was 
injected. 
1 2 .  In this species, it is possible that the brain 
hormone, in conjunction with the juvenile hormone, 
constitutes part of the mechanism required for 
triggering the prothoracic gland with subsequent 
initiation of pupal development. 
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FIGURES 
Figure 1. Longitudinal (frontal) section of the larval 
head. Note the general location of the brain (b), 
CAC complex (c), suboesophageal ganglion (sg), 
and the oesophagus (o). (80X) 
Figure 2. Cross-section of the larval head. Note the 
general location of each organ, labelled as in 
Figure 1. (l40X) 
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Figure 3. Longitudinal section of the brain. Note the 
location of the medial (m), lateral (l), and 
posterior (p) neurosecretory cells. (445X) 
Figure 4. Longitudinal section of the brain. Note the 
presence of both type A and type B neurosecre­
tory cells in the medial group. (IO65X) 
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Figure 5. The medial neurosecretory cells, with a very 
small amount of neurosecretory product (+). 
(880X) 
Figure 6. The medial neurosecretory cells, with a moderate 
amount of neurosecretory product (++). (880X) 
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Figure 7- The medial neurosecretory cells, with a large 
amount of neurosecretory product (+++). (880X) 
Figure 8. The medial neurosecretory ceils, v/ith a 
large amount of neurosecretory product (-
(880X) 
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Figure y. Cross-section of the brain. Note the complex 
axon path.vays. Also, note the position of 
the recurrent nerve (rn) and the frontal 
ganglion (fg). (lo5X) 
Figure 10. Cross-section of the brain. Ilote the complex 
axon pathways. (iS5a) 
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Figure 11. Longitudinal section of the brain. Note the 
axons which arise in the ventral side of the 
neurosecretory cell as very fine branches. 
(790X) 
Figure 12. Longitudinal section of the brain. 
a. Note the pathway of the neurosecretory 
granules between the medial and lateral 
neurosecretory cells. (56OX) 
b. Note the pathway of the neurosecretory 
granules. (695%) 
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Figure 13. Cross-section of the hmin. Note the origin 
of the nervi corpori cardiac! I (nl). (315X) 
Figure 14. Longitudinal section of the brain. Note the 
final pathway of the neurosecretory granules 
close to their exit from the brain (arrows). 
Also, note the trachea (t). (790X) 
Figure 15. Longitudinal section of the brain. Note the 
presence of the neurosecretory granules (arrows) 
in both the brain (b) and the CAC complex (c). 
(7:ox) 
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Figure l6. Section through the CAC complex (c). Note that 
the gland is bilobed. (83OX) 
Figure 17. Section through the CAC complex. Note the 
separation between tne corpus allatum (ca) 
and the corpus cardiacum (cc), (79OX) 

Fleure 18. Section through the CAC complex. Note that it 
consists of two fused lobes; the corpus 
allatum (ca) and the corpus cardlacum (cc). 
(79OX) 
Figure 19. Section through the CAC complex. Note that the 
corpus allatum (ca) consists mainly of secretory 
cells, and the corpus cardlacum (cc) contains 
nerve fibres. Also, note the nervi corpori 
cardiaci II and its connection with the brain 
(b). (72OX) 
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Figure 20. Five serial sections showing that the corpus allaturr. conta 
eight secretory cells, one at each arrow. (iClOX) 

Figure 21, Section through the CAC complex. Note that 
the corpus allatum (ca) appears to envelope 
the posterior end of the corous cardiacuni 
(cc). (56OX) 
Figure 22. Longitudinal section of the brain. Note the 
nervi corpori cardiaci I (nl) which connects 
the brain (b) with the CAC complex (c). 
(2C5X) 
Figure 23. longitudinal section of the brain. Note the 
nervi corpori cardiaci I (nl) originating in 
:e brain (bj and ending in the corpora 
cardiaca (cc). (-^laOX) 
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Figure 24. Longitudinal section through the aorta (a) and 
the recurrent nerve (rn). Note the presence 
of the neurosecretory granules in nerve number 
1 (nl) and the aortal walls (arrows). (460X) 
Figure 23. Cross-section through tiie aorta (a) and the 
recurrent nerve (rn}. Note the presence of 
the granules in nerve number 1 (nl). (6^5X) 
Figure 26. Cross-section of the aorta (a) with a portion 
of it (arrow) in sagittal section through the 
wall. Note the presence of the secretory 
granules in the wall of the aorta. (lOlOX) 
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Figure 27. Cross-section through the oesophagus (o) 
shoeing its connection with nerve number 2 
(n2). Note the presence of the neurosecretory 
granules in this nerve. (720X) 
Figure 28. Cross-section through the oesophagus (o). 
Note the neurosecretory granules in the avails 
of the oesophagus (arrow) and nerve number 2 
(arrow). (720X) 
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Figure 29. longitudinal section of nerve number 3 (n3). Note the ganglion (g), 
which consists of two large cells. (lOlOX) 
Figure 30. Longitudinal section showing the connection of nerve number 3 (n3) 




Figure ?1. Longitudinal section of the brain (b) and the 
CAC complex (c). Note the presence of the 
neurosecretory granules at both the exit point 
from the brain and in the complex itself. Very 
large amounts of neurosecretory granules can 
be seen in the gland. (720X) 
Figure 32. Section through the CAC complex. Note that the 
neurosecretory granules here are mainly in the 
periphery of the gland. Large amounts of 
neurosecretory granules occur in the gland. 
(770X) 
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Figure 33- Section through the CAC complex (c). A small 
amount of the neurosecretory granules is 
present. Note that "cracks' can be seen for 
the first time in the cells. (JOOX) 
Figure 3^. Section through CAC complex. A very small 
amount of the neurosecretory granules is present. 
a. Note the expansion of the cytoplasm of the 
secretory cell (arrow), and the separation 
between it and the cell walls. (770X) 
b. Note the expansion of the cvtoplasm. 
(V30X) 
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Figure 35- Section through the CAC complex. Very small 
amount of neurosecretory granules present. 
Note the cracks and vacuoles throughout the 
gland (arrows). (770X) 
Figure 36. Section through the corpora allata. Note that 
all the neurosecretory granules have disappeared. 
Also, note the presence of the cracks and 
vacuoles in all parts of the gland, including 
the secretory cells, (770X) 
Figure 37- CroGS-section of the brain after 149 days, under 
diapause conditions. Note cellular degeneration 




Figure 38. Estimated quantity of neurosecretory material In the neurosecretory 
cells of the brain during larval development. 
+ Small amount 
Moderate (medium) amount 
•1-1-+ Large amount 
+-h++ Very large amount 
(See Figures 5> 6, J, and 8) 
ESTIMATED AMOUNT OF NEUROSECRETORY GRANULES 
+ 
+ + 






Figure 39. Quantitative amount of the secretory granules 
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Figure 40. Quantitative amount of the neurosecretory 
granules in the CAC complex during diapause 
and diapause development. 
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DAYS AFTER HATCHING 
Figure 41. Effect of chilling period and relative humidity 
on diapause development. 
109 
CHILLING PERIOD (DAYS) 
110 
LITERATURE CITED 
Arvy, L., Boimhlol, J. J., and Gabe, M. 
1953 Déroulement de la neurosécrëtion protocérébraie 
chez Bombyx morl L. au cours du développement 
postembryonnalre. C. R. Acad. Sel., Paris 236: 
627-629. 
Arvy, L. and Gabe, M. 
1953a Donnee histo-physiologiques sur la neurosecretion 
chez les Paléaptères (Ephéméroplères et Odonates), 
Z. Zelirorsch. 38: 591-610. 
Arvy, L. and Gabe, M. 
1953b Donnees histologiques sur glandes endocrines 
céphaliques chez la larve de Prosopistoma 
foliaceum Pourcroy. Bull. Soc. Zool., France 78: 
451-462. 
Arvy, L. and Gabe, M. 
1953c Particularités histophysiologiques de glandes 
endocrines cépphaliques chex Tenebrio molitor L. 
C. R. Acad. Sci., Paris 237: b44-54b. 
Arvy, L. and Gabe, M. 
1954 The intercerebralls cardiacum allatum system of 
some Plecoptera. Biol. Bull., Woods Hole IO6: 
1-14. 
Beck, S. D. 
1964 Time-measurement in insects photoperiodism. Am. 
Nat. 98: 329-346. 
Beck, S. D. 
1967 Environmental photoperiod and the programming of 
development. Centenial program, Peabody Museum 
of Natural History, Yale University Press, New 
Haven, Conn. 
Beck, S. D. and Alexander, N. 
1964a Chemically and photoperiodically induced diapause 
development in the European com borer, Ostrinia 
nubilalis. Biol. Bull., Woods Hole 126; 175-1B4. 
Beck, S. D. and Alexander, N. 
1964b Proctodone, an insect development hormone. Biol. 
Bull., Woods Hole 126: 185-I98. 
Ill 
Beck, S. D. and Hanec, W. 
i960 Diapause in the European corn borer, Pyrausta 
nubilalis Hubn, Jour. Ins. Physiol. 4; 304-318. 
Beck, S. D., Shane, J. L., and Colvin, I. B. 
1965 Pi»octodone production in the European com borer, 
Ostrinia nubilalis. Jour. Ins. Physiol. 11: 297-
Bern, H. A. 
1962 The properties of neurosecretory cells. Gen, 
Comp. Endocrinol. 1: 117-132. 
Bodine, J. H. 
1932 Hibernation and diapause in certain Orthoptera. 
III. Diapause: A theory of its mechanism. 
Physiol. Zool. 5: 549-554. 
Bounhiol, J. J. , 
1953 Role du corpus allatum dans la metamorphose des 
insectes. Trans. 11th Int. Congr. Ent., Amster­
dam 2: 63-72. 
Bounhiol, J. J. 
1957 La metamorphose se produit, chez Bombyx morl, 
après suppression, au dernier stade larvaire, 
des relations nerveuses entre cérébroides et corps 
allaiie^ ceux-ci restant longtemps Imprégnés de 
neurosecretion. C. R. Acad. Sel., Paris 245: 
1087-1089. 
Bounhiol, J. J., Gabe, M., and Arvy, L. ^ , 
1953 Donnees histophysiologiques sur la neurosecretion 
chez Bombyx mori L., et sur ses rapports avec les 
glands endocrines. Bull. Biol. Qjz 323-333. 
Cazal, P. , , 
1948 Les glandes endocrines retro-cerebrales des 
insectes (etude morphologique). Bull. Biol., 
Suppl. 32: 1-227. 
Chippendale, G. M. and Beck, S. D. 
1966 Haemolymph proteins of Ostrinia nubilalis during 
diapause and prepupal differentiation. Jour. Ins. 
Physiol. 12: 1629-I638. 
Church, N, S. 
1955 Hormones and the termination and reinduction of 
diapause in Cephus cinctus Nort. Canad. Jour. 
Zool. 33: 339-369. 
112 
Clarke, K. U. and Langley, P. A. 
1964 Studies on the initiation of growth and molting in 
Locusta migratoria migratorioides. Jour. Ins. 
Physiol. 9". 257-292. 
Cloutier, E. J., Beck, S. D., McLead, D. G. R., and Silhacek, 
D. L. 
1962 Neural transplants and insect diapause. Nature, 
London 195: 1222-1224. 
Davenport, H. A. 
i960 Histological and histochemical technics. 
Philadelphia, Pa., W. B. Saunders Company. 
Drecktrah, H. G., Knight, K. L., and Brindley, T. A. 
1966 Morphological investigations of the internal 
anatomy of the fifth larval instar of the European 
com borer. Iowa State Jour. Sci. 40: 257-286. 
Dupont-Raabe, M. 
1951 Etude morphologique et cytologique du cerveau de 
quelques Phasmides. Bull. Soc. Zool., France 
76: 386-397. 
Dupont-Raabe, M. 
1952 Contribution à letude du role endocrine du 
cerveau et notamment de la pars intercerebralis 
chez les Phasmides. Arch. Zool. Exp. Gen. 89: 
128-138. 
Dupont-Raabe, M. ^ 
1956a Quelques donnée relatives au phénomènes de neuro­
secretion chez les Phasmides. Ann. Sci. Nat. Zool. 
18: 293-303. 
Dupont-Raabe, M. 
1956b RÔle de différentes éléments du système nerveux 
central dans la variation chromatique des 
Phasmides. C. R. Acad. Sci., Paris 243: 1358-1360. 
Engelmann, P. 
1962 Further experiments on the regulation of the sexual 
cycle in females of Leucophaea maderae (Blattaria). 
Gen. Comp. Endocrinol. 2: lb3-192. 
Engelmann, P. and Luscher, M. 
1956 Die hemmende wirkung des gehims auf die corpora 
allata bei Leucophaea maderae (Orthoptera). Verh. 
Dtsch. Zool. Ges. 19: 215-220. 
113 
Ewen, A. B. 
1962 An Improved aldehyde fuchsin staining technique 
for neurosecretory products in insects. Trans. 
Amer. Soc. 8I: 9^-96. 
Fletcher, B. S. 
1969 The diversity of cell types in the neurosecretory 
system of the beetle Blaps mucronata. Jour. 
Insect Physiol. 15: 119-134. 
Folsom, J. W. and V/ardle, R. A. 
1934 Entomology with special reference to its ecological 
aspects. Blalcison, Philadelphia, Pa. 
Eraser, A. 
1957 Neurosecretory cells in the brain of the larva of 
Lucilia caesar L. Nature, London 179: 257-258. 
Fraser, A. 
1959 Neurosecretion in the brain of the larva of the 
sheep blowfly, Lucilia caesar. Quart. Jour. Micr. 
Soi. 100: 377-3W: 
Fukaya, M. 
1955 The role of the brain in the metamorphosis of the 
rice stem borer, Chilo suppressalis. Jap. Jour. 
Appl. Zool. 2: 179-103. 
Fukaya, M. and Mitsuhashi, J. 
1957 The hormonal control of larval diapause in the 
rice stem borer, Chilo suppressalis. I. Some 
factors in the head maintaining larval diapause 
Jap. Jour. Appl. Ent. Zool. 1: 145-154. 
Fukaya, M. and Mitsuhashi, J. 
1958 The hormonal control of larval diapause in the 
rice stem borer, Chilo suppressalis. II. The 
activity of the corpora allata during the 
diapausing period. Jap. Jour. Appl. Ent. Zool. 
2: 223-226. 
Fukaya, M, and Mitsuhashi, J. 
1961 Larval diapause in the rice stem borer with special 
reference to its hormonal mechanism. Bull. Nat. 
Inst. Agr. Sci., Japan 13: 1-32. 
Gabe, M. 
1953a Sur quelque applications de la coloration par la 




1953b Particularités hlstologlques des cellules neuro-
secrétrices chez quelques Gastéropodes Oplstho-
branches. C. R. Acad. Sel., Paris 236: 2l6l-
2163. 
Gabe, M. , 
1953c Particularités hlstologlques des cellules neuro-
sécretrices chez quelques Prosobranches Monto-
cardes. C. R. Acad. Sel., Paris 235: 1430-1432. 
Gabe, M. 
1953d Données hlstologlques sur les glandes endocrines 
de quelques Thysanoures. Bull. Soc. Zool., Prance 
78: 177-193. 
Gabe, M. ^ , 
1954 La neuro-secrétion chez les invertébres. Annee 
Biol. 30: 5-62. 
Gilbert, L. I. 
1962 Maintenance of the prothoraclc gland by the 
juvenile hormone in Insects. Nature, London 
193: 1205-1207. 
Gilbert, L. I. 
1964 Physiology of growth and development. Endocrine 
aspects. In Rockstein, M. Physiology of insects. 
Pp. 149-225. Academic Press, New York, N.Y. 
Gomori, G. 
1941 Observation with differential stains on human 
islets of Langerhans. Amer. Jour. Path. 17: 
395-406. 
Guthrie, W. D., Raun, E. S., Dlcke, F. P., Pesho, G. R., 
and Carter, S. W. 
1965 Laboratory production of European com borer egg 
masses. Iowa State Jour. Sci. 40: 65-83. 
Hanstrom, B. 
1940 Inkretorische Organe, Sinnésorgane und Nerven 
system des Kopfes einiger niederer Insektenord-
nungen. K. svenska Vetensk Akad. Handl. l3: 1-
265. 
Heller, H. and Clark, R. B. 
1962 Proceedings of the third international symposium 
on neurosecretion. Memoir No. 12, Soc. for 
Endocrinology. Academic Press, New York, N.Y. 
115 
Herlant-Meewls, H. and Paquet, L. 
1936 Neurosécrétion et mue chez Carausius morosus Brdt. 
Ann. Sel. Nat. Zool. I8: 163-169. 
Hess, A. 
1958 The fine structure of nerve cells and fibers, 
neuroglia, and sheaths of the ganglion chain in 
the cockroach, Periplaneta americana. Jour. 
Biophys. Biochem. Cytol. 4: 731-742. 
Highnaxn, K. C. 
1958a Activity of the brain (corpora cardiaca system) 
during diapause "break' In Mimas tlliae (Lep.). 
Quart. Jour. Sci. 99: 73-88. 
Highnam, K. C. 
1958b Activity of the corpora allata during pupal 
diapause in Mimas tiliae (Lep.). Quart. Jour. 
Micr. Sci. 99: 171-100. 
Highnam, K. C. 
1961 The histology of the neurosecretory system of the 
adult female desert locust, Shlstocerca gregaria. 
Quart. Jour. Micr. Sci. 102: 27-3#. 
Highnam, K. C. 
1962 Neurosecretory control of ovarian development in 
Schistocerca gregaria. Quart. Jour. Micro. Sci. 
103: S7-72. 
Highnam, K. C. 
1963 Endocrine relationship in insect reproduction. 
R. Ent. See. London, Symp. Insect Heprod. 3: 25-
40. 
Highnam, K. C. and Lusis, 0. 
1962 The influence of mature males on the neurosecretory 
control of ovarian development in the desert locust. 
Quart. Jour. Micr. Sci. 103: 73-83. 
Highnam, K. C., Lusis, 0., and Hill, L. 
1963 The role of the corpora allata during oocyte 
growth in the desert locust, Schistocerca gregaria 
Porsk. Jour. Ins. Physiol. 9: 5^7-596. 
Ichikawa, M. and Nishiitsutsuji-Uwo. 
1959 Studies on the role of corpora allata in the Eri-




1918 Glandular nature of the corpora allata of the 
Lepidoptera. Bull. Imp. Tokyo Seric. Coll. 1: 
64-103. 
Johansson, A. S. 
1958 Hormonal regulation of reproduction in the milk­
weed bug, Oncopeltus fasciatus. Nature, London 
I8I: 198-199. 
Johnson, B. 
1962 Neurosecretion and the transport of secretory 
material from the corpora cardiaca in aphids. 
Nature, London 196: 1338-1339. 
Johnson, B. 
1963 A histological study of neurosecretion in aphids. 
Jour. Ins. Physiol. 9' 727-739. 
Joly, P. 
1954 Etude de la croissance alaire chez Locusta 
migratoria L. C. R. Soc. Biol., Paris l4b: 2082-
2087. 
Kaiser, P. 
1949 Histologische untersuchungen uber die corpora 
allata und prothorax driisen der Lepidopteren im 
bezug auf ihre funktion. Arch. Ent. Mech. Org. 
144: 99-131. 
Knov/les, P. G. VJ. 
1960 A highly organized structure within a neurosecre­
tory vesicle. Nature, London I85: 709-710. 
Kobayashi, K. 
1958 Effect of larval brain on the imaginai differen­
tiation in the silkworm. Nature, London l82: 
110-111. 
Lea, A. 0. and Thomsen, E. 
1969 Size independent secretion by the corpus allatum 
of Calliphora erythrocephala. Jour. Ins. 
Physiol. 15: 477-482. 
Lees, A. D. 
1955 The physiology of diapause in Arthropods. Cam­
bridge University Press, Cambridge, Mass. 
Lees, A. D. 
1956 The physiology and biochemistry of diapause. Ann. 
Rev. Ent. 1: I-I6. 
117 
Lees, A. D. 
1959 The role of photoperiod and temperature in the 
determination of parathenogenetic and sexual 
forms in the Aphid Megoura viciae Buck. I. 
The influence of these factors on apterous 
virgino parae and their progeny. Jour. Ins. 
Physiol. 3: 92-117. 
Lockshin, R. A. and Williams, C. M. 
1964 Programmed cell death. II. Endocrine potentation 
of the break-down of the intersegmental muscles 
of silkmoths. Jour. Ins. Physiol. 10: 643-649. 
McLeod, D. G. R. and Beck, S. D. 
1963a The anatomy of the neuroendocfAne system of the 
European corn borer Ostrinia nubilalis and its 
relation to diapause. Ent. Soc. Amer. Ann. 56: 
723-727. 
McLeod, D. G. R. and Beck, S. D. 
1963b Photoperiodic termination of diapause in an 
insect. Biol. Bull., Woods Hole 124: 84-96. 
Mellanby, K. 
1936 The later embryology of Rhodnius prolixus. Quart. 
Jour. Micr. Sci. 79: 1-2W. 
Mendes, M. V. 
1947 Glandulas endocrinas e hormnias nos insectos. 
Ann. Acad. Bras. Sci. 19: 259-275-
Mitsuhashi, J. and Pukaya, M. 
1960 The hormonal control of larval diapause in the 
rice stem borer, Chilo suppressalis. III. 
Histological studies on the neurosecretory cells 
of the brain and the secretory cells of the 
corpora allata during diapause and postdiapause. 
Jap. Jour. Appl. Ent. Zool. 4: 127-134. 
Mordue, W. 
1965 Studies on oocyte production and associated 
histological changes in the neuro-endocrine 
system in Tenebrio molitor L. Jour. Ins. 
Physiol. 11: 493-5031 
Mutchmor, J. A. and Beckel, W. E. 
1959 Some factors affecting diapause in the European 
corn borer, Ostrinia nubilalis Hubn. Canadian 
Jour. Zool. 37: 161-16#. 
118 
Nayar, K. K. 
1955 Studies on the neurosecretory system of Iphita 
limbata Stal. I. Distribution and structure of 
the neurosecretory cells of the nerve ring. Biol. 
Bull.J Woods Hole 108: 296-307-
Nayar, K. K. 
1956 Studies on the neurosecretory system of Iphita 
limbata Stal. III. The endocrine glands and the 
neurosecretory pathways in the adult. Z. Zell-
forsch. 44: 697-705. 
Nayar, K. K. 
1958 Studies on the neurosecretory system of Iphita 
limbata Stal. V. Probable endocrine basis of 
oviposition in the female insect. Proc. Indian 
Acad. Sci. 47: 233-251. 
Nishiitsutsuji-Uwo, J. 
1960 Fine structure of the neurosecretory system in 
Lepidoptera. Nature, London I88: 953. 
Nishiitsutsuji-Uwo, J. 
1961 Fine structure of neurosecretory cells in 
Lepidoptera. Z. Zellforsch. 54: 613-63O. 
Novae, V. J. A. 
1951a The metamorphosis hormones and morphogenesis in 
Oncopeltus fasciatus Dal. Acta Soc. Zool. Csl. 
15: 1-40. 
Novae, V. J. A. 
1951b New aspects of the metamorphosis in insects. 
Nature, London l67: 132. 
Novae, V. J. A. 
1966 Insect hormones, Methuen, London, England. 
Passano, L. M. 
1954 Phase microscopic observations of the neurosecre­
tory product of the crustacean x-organ. Pubbl. 
Staz. Zool. Napoli. 24: 72-73. 
Pflùgfelder, 0. 
1936 Vergleichend-anatomische, experimentelle und 
embryologische untersuchungen uber das nerven 
system und die sinnesorgane der rhynchoten. 
Zoologica. 93: 1-102. 
119 
Pflùgfelder, 0. 
1948 Volumetrische untersuchungen an der corpora 
allata der Honlgbiene Apis mellifica. Blol. 
Zbl. 67: 223-241. 
Piepho, H... 
1940 Uber die hemmung der verpuppung durch corpora 
allata. Biol. Zbl. 60: 367-393. 
Pipa, R. L. 
1961 Studies on the Hexapod nervous system. IV. A 
cytological and cytochemical study of neurons 
and their inclusions in the brain of Periplaneta 
americana. Biol. Bull., Woods Hole 121; 151-534. 
Raabe, M. 
1959 Neurohormones chez les insectes. Bull. Soc. 
Zool., France 84: 272-316. 
Roonwal, M. L. 
1937 Studies on the embryology of the African migratory 
locust, Locusta migrâtoria migratorioides Reiche 
(Orthoptera, Acrididae). II. Organogeny. Phil. 
Trans. R. Soc. 227: 175-244. 
Scharrer, B. 
1946 The role of the corpora allata in the development 
of Leucophaea maderae. Endocrinology 38: 35-45. 
Scharrer, B. 
1952a Neurosecretion. XI. The effects of nerve section 
on the intercerebralis-cardiacum-allatian-system 
of the insect Leucophaea maderae. Biol. Bull., 
Woods Hole 102: 251-272. 
Scharrer, B. 
1952b The effect of the Interruption of the neurosecre­
tory pathway in the Leucophaea maderae. Anat. Rec. 
112: 386-387. 
Scharrer, B. 
1953 Comparative physiology of invertebrate endocrine. 
Ann. Rev. Physiol. 15: 457-472. 
Scharrer, B. 
1955 "Castration cells" in the central nervous system 
of an insect Leucophaea maderae. N.Y. Acad. Sci. 
Trans. 17: 520-525. 
120 
Scharrer, B. 
1961 Functional analysis of the corpus allatum of 
Leucophaea maderae with the electron microscope. 
Biol. Bull., Woods Hole 121: 370. 
Scharrer, B. 
1962 Ultrastructure and function in the corpus allatum 
of an insect Leucophaea maderae. Anat. Rec. l42: 
275. 
Scharrer, B. and Scharrer, E. 
1944 Neurosecretion. VI. A comparison between the 
intercerebralis-cardiacum-allatum system of 
insects and the hypothalamo-hypophysial system 
of vertebrates. Biol. Bull., Woods Hole 87: 
242-251. 
Scharrer, B. and von Hamack, M. 
1958 Histophysiological studies on the corpus allatum 
of Leucophaea maderae. I. Normal life cycle in 
male and female adults. Biol. Bull. 115: 508-520. 
Scharrer, E. 
1952 The general significance of the neurosecretory 
cell. Scientia 4: 177-183. 
Scharrer, E. and Scharrer, B. 
1954a Hormones produced by neurosecretory cells. Recent 
Progr. Hormone Res. 10: 183-240. 
Scharrer, E. and Scharrer, B. 
1954b Neurosekretion Handb. Mikro. Anat. Menschen. 6: 
953-1066. 
Scheer, B, T. 
i960 The neuroendocrine system of Arthropods. Vitamins 
and Hormones I8: 141-204. 
Schultz, R. L. 
i960 Electron microscopic observations of the corpora 
allata and associated nerves in the moth Celerio 
llneata. Jour. Ultrastruct. Res. 3: 320-327. 
Sehnal, P. 
1968 Influence of the corpu" allatum on the development 
of internal organs in Galleria mellonella L. Jour. 
Ins. Physiol. l4: 73-85 
121 
Sellier, R. 
1956 Gonades, cerveau et morphogenèse alaire chez les 
Grillons. Ann. Sel. Nat. Zool. I8: 251-255. 
Slàma, K. 
1964 Physiology of sawfly metamorphosis. II. Hormonal 
activity during diapause development. Acta Soc. 
Ent. Csl. 61: 210-219-
Staal, G. B. 
1961 Studies on the physiology of phase induction in 
Locusta migrâtoria migratorloides. Publ. Fonds 
Handb.Export Bur. 40: 1-125. 
Stiennon, J. A. and Drochmans, P. 
1961 Electron microscope study of neurosecretory cells 
in phasmidae. Gen. Comp. Endocrin. 1: 286-294. 
Strangways-Dixon, J. 
1961 The relationships between nutrition, hormones and 
reproduction in the blowfly Calliphora erythro-
cephala (Melg,). Jour. Exp. Biol. 537-545. 
Strong, L. 
1963 A simple apparatus for use in removing corpora 
allata from locusts. Bull. Ent. Res. 54: 19-21. 
Strong, L. 
1965 The relationship between brain, corpora allata, 
and oocyte growth in the Central American locust, 
Schistocerca sp. I. The cerebral neurosecretory 
system, the corpora allata, and oocyte growth. 
Jour. Ins. Physiol. 11: 135-146. 
Strumm-Zollinger, E. 
1957 Histological study of regenerative processes 
after transection of the nervi corporis cardiac! 
in transplanted brains of the Cecropia sillmorm 
(Platysamia cecropia L.). Jour. Exptl. Zool. 
134: 315-326: 
Thomsen, E. 
1952 Functional significance of the neurosecretory 
brain cells and the corpus cardiacum in the female 
blowfly Calliphora erythrocephala. Jour. Exp. 
Biol. 29: 137-172. 
122 
Thomsen, E. 
1954a Studies on transport of neurosecretory materials 
in Calliphora erythrocephala by means of ligaturing 
experiments. Jour. Exp. Biol. 31: 322-330. 
Thomsen, E. 
1954b Experimental evidence for the transport of secre­
tory material in the axons of the neurosecretory 
cells of Calliphora erythrocephala. Pubbl. Staz. 
Zool. Napoll. 24: 48^:5^ 
Thomsen, M. 
1954 Neurosecretion in some Hymenoptera. Biol. Skr. 
7: 1-24. 
Van der Kloot, 'v. G. 
i960 Neurosecretion in insects. Ann. Rev. Ent. 5: 35-
52. 
Viigglesworth, V. B. 
1936 The function of the corpus allatum in the growth 
and reproduction of Rhodnius prolixus. Quart. 
Jour. Micro. Sci. 79: 91-119. 
VJigglesworth, V. B. 
1940a The determination of characters at metamorphosis 
in Rhodnius prolixus. Jour. Exp. Biol. 17: 201-
222. 
VJigglesworth, V. B. 
1940b Locaj and general factors in the development of 
pattern in Rhodnius prolixus. Jour. Exp. Biol. 
17: 180-200. 
Wigglesworth, V. B. 
1948 The function of the corpus allatum in Rhodnius. 
Jour. Exp. Biol. 25: 1-14. 
Wiggle svjorth, V. B. 
1951 Source of molting hormone in Rhodnius. Nature, 
London 168: 558. 
V.'lgglesv;orth, V. B. 
1952 Hormone balance and the control of metamorphosis 
in Rhodnius. Jour. Exp. Biol. 29: 62O-631. 
Wigglesvjorth, V. B. 
1954 The physiology of Insect metamorphosis. Cambr. 
Monogr. Exp. Biol. 1, Cambridge, Mass. 
123 
V/igglesv;orth, V. B» 
1955a The breakdown of the thoracic gland in the adult 
insect Rhodnius prolixus. Jour. Exp. Biol. 32: 
485-491. 
Wigglesworth, V. B. 
1955b The role of the haemocytes in the growth and 
molting of an insect, Rhodnius prolixus. Jour. 
Exp. Biol. 32: 649-663. 
l/igglesworth, V. B. 
1959 The control of growth and form. Cornell Univ. 
Press, Ithaca, New York. 
Wigglesworth, V. B. 
1960 Axon structure and the diclyosomes (Golgi bodies) 
in the neurons of the cockroach, Periplaneta 
americana. Quart. Jour. Micr. Sci. 101: 391-398. 
Wigglesworth, V. B. 
1965 The juvenile hormone. Nature 208: 522-524. 
Wilde, J. De and Boer, J. A. De. 
1961 Physiology of diapause in the adult Colorado 
beetle. II. Diapause as a case of pseudo-
allatectomy. Jour. Ins. Physiol. 6: I52-I6I. 
Wilde, J. De and Stegwee, D. 
1958 Two major effects of the corpus allatum in the 
adult Colorado beetle Leptinotarsa decemlineata. 
Arch. Neerl. Zool. 13: 277-289. 
Williams, C. M. 
1946 Physiology of insect diapause. The role of the 
brain in the production and termination of pupal 
dormancy in the giant silkworm, Platysamia 
cecropia. Biol. Bull., Woods Hole 9O: 234-243. 
Williams, C. M. 
1947 Physiology of insect diapause. II. Interaction 
between the pupal brain and prothoracic gland in 
metamorphosis of the giant silkworm, Platysamia 
cecropia. Biol. Bull., Woods Hole §8: #9-98. 
Williams, C. M. 
1948a Extrinsic control of morphogenesis as illustrated 
in the metamorphosis of insects. Growth 12: 6I-
74. 
124 
Williams, C. M. 
1948b Physiology of insect diapause. III. The prothoracic 
glands in the Cecropia silkworm, with special refer­
ence to their significance in embryonic and post-
embryonic development. Biol. Bull. 94: 6O-65. 
Williams, C. M. 
1949 The endocrinology of diapause. Bull. Biol., Suppl. 
33: 52-56. 
Williams, C. M. 
1952a Physiology of Insect diapause. IV. The brain and 
prothoracic glands as an endocrine system in the 
Cecropia silkvjorm. Biol. Bull., Woods Hole IO3: 
120-135. 
Williams, C. M. 
1952b Morphogenesis and the metamorphosis of insects. 
The Harvey Lectures 47: 126-155. 
Williams, C. M. 
1954 Isolation and identification of the prothoracic 
hormones of insects. Anat, Rec. 120: 743. 
Williams, C. M. 
1956 Physiology of insect diapause. X. An endocrine 
mechanism for the influence of temperature on 
the diapausing pupa of Cecropia silkvjorms. Biol. 
Bull., Woods Hole 110: 201-21U. 
Williams, C. M. 
1958 Hormonal regulation of Insect metamorphosis. 
Sump. Chem. Basis Develop. Johns Hopkins Press. 
Pp. 794-806. 
Williams, C. M. 
1959 The Juvenile hormone. I, Endocrine activity of 
the corpora allata of the adult Cecropia silkv/orm. 
Biol. Bull., Woods Hole II6: 323-33». 
Williams, C. M. 
1961 The juvenile hormone. II. Its role In the endo­
crine control of molting, pupation, and adult 
development in the Cecropia silkworm. Biol. Bull., 
Woods Hole 121: 572-5^5. 
125 
ACKNOWLEDGMENTS 
The author wishes to express his appreciation to his 
major professor. Dr. John A. Wutchmor, for his supervision, 
patience, and kind advice during the course of these 
investigations and in preparing the manuscript. 
Special thanks are due Dr. Tom A. Brindley, Investiga­
tion Leader of the European Corn Borer Research Laboratory, 
Ankeny, Iowa, for providing the larvae and some of the 
materials necessary for this study. 
Appreciation is also extended to Dr. Oscar E. Tauber, 
Head of the Department of Zoology and Entomology for his 
understanding and support. 
The author also expresses his sincere debt of gratitude 
to his wife, V/edad, %ho has endured personal sacrifice, and 
has been a consistait source of inspiration and encouragement 
at all times. To his son, Khalid and daughter, Sahar, go 
grateful thanks for their forbearance and cooperation while 
Dad was working on his thesis. 
